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HE great number and the fugitive character of the papers treating of the Tertiary 
Gcolog}' of the eastern United States have, in their tendency to cause perplexity 
to the geological student, been the principal incentive to the publication of the 
following pages, which are presented to the scientific public in the hope that they 
may contribute something substantial, even if little, to the physical history of the 
American domain. The author believes that they embody for the first time a 
succinct statement of the Tertiary Geology of each of the several States of the 
Atlantic and Gulf borders in which the formation has been recognized, together 
with a general systematic review and analysis of the formation taken as a whole. 
Doubtless, more detailed and systematic observations in the field than have heretofore 
been made will cause alterations in many of the pages, but the general scheme 
as presented will, it is confidently assumed, be found to approximate the truth. 

A number of the articles have already appeared in substance in the Proceedings 

of the Academy of Natural Sciences of this city; these, where alterations have 

been found to be necessary, have been so modified as to bring them abreast 

of the time. 

A. H. 

Philadelphia, October, 1884, 
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THE TERTIARY GEOLOGY OP THE EASTERN AND SOUTHERN UNITED STATES. 

The United States Border Tertiaries and their European E<iuivdlent8. 

The marine Tertiary deposits of the eastern United States occupy the outermost 
border (barring the post-Tertiary formations) of the Atlantic slope in a continuous 
extent from the neighborhood of Long Branch, N. J., to near, or quite to, the 
extremity of the peninsula of Florida. Beds referable to the same geological period 
have been identified on Martha's Vineyard, Mass., and good grounds exist for the 
supposition that similar beds extend beneath the water surface between this island 
and the New Jersev coast, and further to the northward. On the Gulf border the 
Tertiary deposits extend continuously through the States of Florida, Georgia, Alabama, 
Mississippi and Louisiana to a point on the Rio Grande in Texas at least (if not 
considerably more than) 60 miles N. W. of Laredo. Tennessee, Kentucky, Illinois 
and Missouri likewise contribute to the Tertiary area, while about one-half of the 
State of Arkansas is occupied by deposits of this age. On the Atlantic border the 
inner boundary line is removed from the coast by from about 25 miles, at a point 
opposite Trenton, to 160 miles in Georgia (near Macon). The deposits on the Gulf 
slope occupying the Mississippi embayment extend northward from the Gulf fully 
seven degrees, or about 500 miles, or nearly half way to the Canadian boundary line 
in Wisconsin. 

The beds composing these deposits are in the north largely in the form of loose 
sands, clays, and marls, but in the south solid rock — shelly limestones, " buhrstone " 
— enters largely into their composition, more particularly of the older series. The 
dip on the Atlantic border, as also in Texas, Louisiana and Arkansas, is uniformly 
towards the S. E. ; more nearly S. in Georgia, and S. by W. over a considerable 
portion of Alabama and Mississippi. Regarding the same in Florida little has been 
accurately determined. No disturbances of any moment appear to have intervened 
between the ])eriod of the deposition of the oldest meml^er and the present day. In 
New Jersey, Delaware and Maryland, and again in Alabama, Mississippi, Tennessee, 
Arkansas and Texas, the deposits abut wholly or in part against those of the Creta- 
ceous period (Sennonian and Micstrichtian) — lying in some instances conformably 
upon them — while in some of the other States these last are completely (or nearly so) 
overlaid bv them. 

As to the ages indicated by the different members constituting the entire marine 
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2 THE TERTIARY GEOLOGY OF THE 

Tertiary scries, it may be premised at the outset that unequivocal representatives of 
both Eocene and Miocene exist; scarcely less positive is the existence of Oligocene 
deposits, whereas no satisfactory evidence has as yet been adduced proving the 
presence of Pliocene on our coast. The starting point in the correlation of the 
Eocenes is afforded by the well-known shell-sand layer of Claiborne, Ala., wliose 
equivalency, at least in part, with the Calcaire Grossier of the Paris basin (Parisian), 
has long been recognized. The general similarity and identity existing between the 
fossil remains of the two localities here indicated place this determination beyond 
question. Beds representing the true " Claibornian " have been recognized in South 
Carolina, Georgia, Alabama, Mississippi and Texas, and doubtless some of the Eocene 
deposits in Arkansas and North Carolina belong to the same period. Underlying the 
" Claibornian " in the south are a series of clays, sands, and lignites, or in other 
localities, more or less siliceous and impure shelly limestones known as buhrstones — 
the " chalk hills " — several hundred feet in thickness, whose exact equivalence it is 
not as easy to demonstrate as those of the overlying sand beds, but which appear to 
hold a position somewhat parallel to that of the London clay (liOndonian), or to the 
upper (and lower ?) Suessonian of France. The " Buhrstone " (Siliceous Claiborne of 
Hilgard) occupies a considerable portion of the southern Tertiary area, attaining its 
principal development in Alabama, Georgia and South Carolina. In Alabama and 
Mississippi, as best studied in those States, with a probable development of 200- 
300 or more feet, we find at the base of the Eocene, a series of interstratified clays, 
sands and lignites, my " Eo-Lignitic," w^hich seem to represent the most ancient of 
our cis-Mississippi Tertiary deposits. It appears probable that the oldest Eocene 
deposits occurring in New Jersey — those, for example, exposed on Shark River — 
belong here, and possibly also the Piscataway and Marlborough beds of Maryland 
and the Pamunkey sands of Virginia, wliich I have claimed to be the probable 
equivalents either of the British Thanet sands (or those of Bracheux, France), or of 
the British Bognor rock (lower Londonian). Not impossibly, however, they may 
prove to be the equivalents of a portion of the "'Buhrstone." Immediately overlying 
the " Claibornian " in Alabama, Missi^sippi and South Carolina, with a considerable 
development in Louisiana and Georgia, and evidently also, although not as yet 
distinctly marked out, in Texas and Arkansas, are the deposits that have been desig- 
nated the " Jacksonian," so named from the town of Jackson, in Mississippi, whence 
the fossils considered typical of this group w^ere first obtained. In this series are 
included the so-called "white limestones" of many geologists, in which (and elsewhere) 
have been found, more or less abundantly, the remains of the Zeuglodon, the most 
distinctive fossil of the formation. No precise comparison between the fossils of this 
formation and those of correspondingly situated trans- Atlantic formations has as yet 
been instituted, and, therefore, it may perhaps be premature to assert with positiveness 
what the exact horizon represented by them may be. But as the beds occupy a 
position immediately overlying what is generally considered to be the next highest 
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member of the tA-pical Em-opcan Eocene, as developed in the British and Paris basins, 
and underlying what can, I believe, be proved to be true Oligocenc deposits, it may 
be reasonably inferred that they represent what in the basins referred to constitute the 
uppermost member of the entire series — the sands of Beauchanip and the Barton clay 
( = Up]x*r Bagshot sands'?). Confirmation of this view is afforded by the discovery 
in the Barton clay of Hampshire of the remains of a Zeuglodon {Z. WanUyni., 
Seeley),* the only individual of the genus tliat has hitherto In^en fimnd in any 
European formation. No really satisfactory e^'i(lcn(•e as yet exists as to the occurrence 
of Zeuglodon in any American formation but the " Jacksouian." 

Tlie so-called OligocfMie deposits, to which reference has just been made, occupy 
in Alabama, Mississippi and Louisiana a narrow band of territory immediately to the 
south of, and bordering the " Jacksonian," which, as already stated, they also overlie. 
They occupy the greater portion of Florida, and doubtless also have a considerable 
development in southern Georgia and southeastern Texas, but in these last two States 
their areas have not as yet been accurately determined. They were originally called 
by Conrad, wlio first cliaracterized them, the Vicksburg beds, and by me liave been 
designatfHl the '' Orbitoitic," from the great abundance of Orhitoide^ Mnnfelll^ their 
most distinctive fossil. Conrad referred the deposits in question to the Oligocene age 
not because they contained fossils in any way indicative of deposits of the same age in 
other countries, but merely for the reason that their contained fossils, as he supposed, 
were almost entirely distinct from those of the subjacent Eocene deposits, and equally 
distinct from those characteristic of the formations which he correctly surmised to be 
of newer date — the Atlantic Miocenes. This inference, I believe, can now much 
more satisfactorily be shown to be true. The Orhitoideft ManttlU occurs in very 
considerable abundance in several of the West India Islands — Jamaica, Antigua, 
Trinidad — where the beds containing them arc doubtless of equivalent age, and of the 
same age as the orbitoitic beds of Florida, and other of the southern States.f In the 
island of Trinidad they enter largely into the composition of the San Fernando rocks, 
which are by Guppy considered to rei)resent the base of the Tertiary series of the 
islands, and which, together with the Chert formation in Antigua and the Anguilla 
l^eds, constitute a portion of his lower West Indian Miocene (in distinction to the 
principal Tertiary deposits of the island of Jamaica, the middle Tertiaries of San 
Domingo and Cuba, those of Cumauc'i, and the Caroni beds of Trinidad, which 
together form the upper or later part of the West Indian Miocene).J These San 
Fernando beds have been more recently correlated by Duncan with the deposits 
occurring on the island of St. Bartholomew, which arc* (emphatically stated to be of pre- 
Miocene age, and where no Miocene deposits have thus far been discovered to exist.§ 

* Q. J. Oool. Soo., xxxii, p. 438. 

f Tlui siKJcics is also Ibiiud in abundance in tlie lower limestone de^wsits of the island of Malta (T. R. Jones), 
in New Zealand (KarixT), an<l in Sinde, India (Oari)ent<;r\ 

X Q. J. Geol. So.:., xxii, p. 2S2, ISmj. g Q. .J. Geol. Soe., xxix, pp. 540-50, 1878. 

2 JOUR. A. N. S. PHI LA., VOL. IX. 
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Tlie fossil coral fauna of this island is closely related to that of well-known Oligocene 
localities in Italy, as tlie Crosara and Castel Gomberto district, whose position in the 
geological scale tlicy undoubtedly represent. This relationship is indicated by Duncan 
and other authors, and the writer is informed to tlie same effect by letter from Prof. 
Edward Suess, of Vienna, one of the profoundest workers in the field of the Tertiaries. 
The same eminent authority informs me that the Vicenza deposits above indicated are 
the unquestionable equivalents of the sands of Fontainebleau and of tlie marine 
Oligocene sands of the Mayence basin, and we thus have the parallelism established 
between our Vicksburg or orbitoitic beds and those of the typical Oligocene of 
southern Europe. The Orhiioules ManfelU^ as already stated, also abounds in the 
lower liniestone layer of the island of Malta,* and this layer has likewise been iden- 
tified to be of Oligocene age, and to represent a part of the " Bormidian " of Sismonda, 
the older marine molasse of Bavaria and Switzerland, and probably also the Sotzka 
beds of the Vienna basin. f The relationship existing between the Florida orbitoitic 
rock and the deposits in some of the West India Islands which have been referred to the 
true Oligocene, is shown, irrespective of the great development of OrhUolles Af<wtelli\ 
in the general character of the associated foraminiferal fauna. Thus we have in some 
places a sufficient abundance of Opercidinfr {Cristelhria rofelhi of Conrad) and 
Ninnmnlinn^X ^i^d of species only doubtfully distinct from those found in Antigua, 
Trinidad or Jamaica. One or two other species of Orhitoides also occur, one very 
much of the 0, dispausxis type, and the other severely recalling 0. cphipinum. A 
further relationship with the equivalent St. Bartholomew deposits is established by 
the presence of at least two of the distinctive echinoids described from that island by 
Cotteau§ — Enspataiigus Clevei and E. AntiUarum — and doubtless other identical 
forms will be found. 

No unequivocal deposits of Miocene age have thus far been detected on the Gulf 
slope, although strong groiuuls exist for the supposition that the formation designated by 
Ililgard as the "Grand GiUf Group" belongs to this period of geological time, but to 
which division or horizon of the same, it is as yet impossible to state. On the Atlantic 
border the Miocene extends through the States of New Jersey, Delaware, Maryland, 
Virginia, North and South Carolina, and Georgia, following in a general way the trend 
of the Eocene, and, where not completely overlapping this last, lying between it and the 
coast. In North and South Carolina, also elsewhere, it is very largely obscured by 
deposits of post- Pliocene age. A patch of Miocene has been determined in the 
peninsula of Florida, near Rock Spring, in Orange Co., and not improbably a more or 
less continuous strip will be found to extend to this point southward from the 



* Oeol. Mag., i, p. 104, 1804. 

t Fiichs, Sitzungsh. K. K. A(rad. Wissen. of Viomia, Ixx, i, p. 92, 1874 ; see also Iloemes, Jalirb. K. K. 
Geol. Reichs., xxviii, pp. 30-30, 1878. 

X Iloilprin, Proc. A. N. Sciemr«s of Philadelphia, July, 1882. 
5$ K. Svens. Vet.-Akad. Handl., 1874. 
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Georgia line, and possibly much further. A slight unconformability has in some places 
been detected between the Pliocene and tlie Eocene. In a paper entitled '' On the 
Relative Ages and Classification of the post-Eocene Tertiary Deposits of the Atlantic 
Slope " ♦ I have given what I considered to be good reasons for concluding that the 
Miocene deposits of North and South Carolina, my "Carolinian," were of newer date 
than those of Virginia and Maryland, and that not improbably they represented the 
deposits of the lower (" Black ") Antwcu'p crag, the Diestian of the Bdgian geologists, 
although the percentage of recent forms is considerably higher in this last than that 
which has been shown to be the case Avith the C-arolinian fauna. The Virginia and 
Maryland deposits, on the other hand, and doubtless with these also those occurring 
in Delaware and New Jersey, represent approximately the '^ Mediterranean " ^eries of 
the Austrian geologists, and in their two divisions, the " Marylandian" (or older deposits 
of Maryland, and probably also the lower bed in Virginia) and " Virginian " (as 
developed in the typical Miocene area of Virginia, and in the upper Maryland series) 
we have the correspondents, at least in part, of the " First Mediterranean " (and the 
faluns of Leognan and Saucats), and the "Second Mediterranean" (and the faluns of 
Touraine) respectively. The southeast corner of Virginia, with the towns of Norfolk, 
Portsmouth, Suffolk, etc., appears to belong to the "Carolinian" horizon, or that of 
North and South Carolina. Comparing the Atlantic Miocene with deposits referred 
to the same age as occurring on some of the West Indies, Trinidad and San Domingo 
for example, we find that out of ten species of mollusca obtained from the Caroni beds 
of the first named island, Guppy identified no less than six as identical with forms 
found in the eastern United States : Petitloconrlnis scnlptaratus^ Dosinia acefabiiJum^ 
TeUinti hlplicata^ Pecfen ('omparUls^ Ostrea Virf/inica^ and Teredo fistuUi,'\ This 
number is about equally distributed between the States of North and South Carolina 
and Virginia, and hence no absolute indication (by comparison) of the horizon is 
afforded by their presence. PetahKoncliKs 6caJj)fnrfttns^ Teredo fistula and TelJina hipli- 
cata are also found in the Miocene of San Domingo, and with them Chaina arcinella 
and Area pexata^X but most of the species occurring Iiere are described as being distinct 
from North American forms. Further investigation, however, will doubtless reveal 
a greater number of identical forms. While, therefore, it is still impossible from 
paleoutological data to establish a strict correlation between tlie Caribbean and Atlantic 
Miocenes, yet probably we will not l)e far from the truth in assuming that tlie former 
represent a part of the Virginian or Marylandian series, seeing that tlie percentage of 
living forms in the contained fauna is only 20^ or possibly still lower (8 or 9, according 
to Carrick Moore).§ They would, therefore, correspond to some part of the ''Medi- 
terranean " as well. 



* Proo. Acad. Nat. S<!iencps of Phila., .June, 1882. J Guppy, Q. J. (tcoI. S(ki., xxp, p. 577. 

t Q. J. Geol. ScKJ., xxii, p. 576, UOC. § Guppy, op. cit., p. 575. 
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From what has preceded, the following table of the Atlantic and Gulf Tertiaries 
may be constructed : — 



Po8t-Pliocene. ! 



Pliocene. 



Miocene. 



Olioogene. 



Kogsne. 



? 



Foreign Equivaleuts. 



Carolinian. Deposits of North and South Diestian ? 

(Upper Atlantic Carolina (**Sumpter" epoch 



Miocene.) 
Virginian. 



of Dana). 
Deposits of Virginia, and the 
(Middle Atlantic; newer group in Maryland 
Miocene.) ! (" Yorktown" epoch, in part, 

of Dana). 



Marylandian. .Older Miocene deposits of 
( Lower Atlantic Maryland, and possibly the 
Miocene.) i lower beds in Virginia 

I (" Yorktown " epoch, in 
part, of Dana). 



Probably of the age of the 
'* Second Mediterranean " of 
the Austrian geologists, and 
of the faluns of Touraine ; 
Caroni beds of Trinidad ; 
and Miocene of San Dom- 
ingo, Jamaica and Cumana? 

Probably (or at least partially) 
the oquivalent of the " First 
Mediterranean " of the Aus- 
trian geologists, and of the 
faluns of Leognan and 
Saucats. 



Orbitoitic. 



'Strata characterized by species A quitanian. DeiK)sits of Cro- 



of Orbitoides, 
beds, Florida 
beds, etc. 



Vicksburg 
nummulitic: 



sara and Castel Gomberto 
(Viccntin), Oligocene of the 
Mayence basin, sands of 
Fontainebleau, lower lime- 
stone of Malta, Fernando 
beds on Trinidad, Antigua, 
Chert, St. Bartholomew 
Oligocene. 



Jackson IAN. 

Claibornian. 
buhrstone. 
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Jackson beds of Mississippi. Barton Clay (Bartonian). 

" White Limestone " of Ala- Sands of Beauchamp? 

bama. 
Fossiliferous arenaceous de-Age of the *• Calcaire Gros- 

posit of Claiborne, Ala., etc.j sier " of France (Parisian). 
Beds below the true Clai-Londonian? 

bomian on the Alabama 

River, *'Chalk Hills " of the 

southern part of the State, 

etc. " Siliceous Claiborne " 

(Hilgard) of Mississippi. 

Maryland Eocene, in part 't 
Lignite, sands and clays situ- 
ated at the base of the 

Tertiary series in Alabama. 

etc. Marlborough and Pis- 

cataway beds of Maryland? 

Shark River deposits of New 

Jersey. 



Thanetian ? Bognor rock ? 



New Jersey. 

The deposits of the Tertiary formations in this State follow in a general parallel 
course the trend of the next older or Cretaceous deposits (Maestrichtian and Sennonian), 
upon which they can be shown in some places to lie conformably, or very nearly so. 
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Their inner border may be said to correspond in a general way with a S. W.-N. E. 
line connecting Long Branch, on the Atlantic coast, with a point on the Delaware 
River, situated almost due west of the city of Salem, or opposite D(*laware City in the 
State of Delaware.* The surface embraced between the sea-border and this line 
' comprises between one-third and one-half the area of the entire State, and presents 
in its physical features the characters of gravelly sands and clays. 

Eocene. — There can be no question but that the deposits of this period, forming 
part of the " Upper Marl Bed," so called, which appear along Deal Beach on the 
Atlantic coast, on Shark River, in isolated patches about Farmingdale, Squankum, and 
elsewhere, and in a more or less continuous belt from near New Egypt to Clementon, 
represent in part, if not in whole, approximately the lowest of the entire Eocene 
series occurring in the eastern United States. Their chronological* equivalence with 
the oldest Tertiary beds occurring in some of the other States — as the Piscataway beds 
of Maryland, and the lower beds exposed on Bashia Creek, Clarke Co., Ala. — has not 
yet been definitely made out, but the evidence that has thus far been adduced is 
sufficiently strong in support of Conrad's original surmise as to the existence of such 
equivalence (Proc. Acad. Nat. Sciences of Philadelphia, 1865, p. 71 ; Smithsonian 
Misc. Coll., 200, 1866, p. 1). The fossils occurring in the New Jersey strata are 
mainly in the form of casts, and their precise determination is consecpiently involved 
in a considerable amount of uncertainty. It appears sufficiently clear, however, that 
many, if not most, of the forms are such as have not yet been found in the other 
States, although they represent distinctly Eocene types, but which approximates very 
closely certain trans-Atlantic species. 

Those (invertebrate) specifically determined are, according to Conrad, the following: 

Nantihis {Aiuria) Vaniix**mU Conr. | ? Onustvs {Phorus) txteiisus^ Sow. 

Nautilus {Ct/moinia) Biirtini^ Nyst. Actceouema jyrisca^ Conr. 

Nautilus {Gymomla) Lamarckii^ Desh. i Thracia modesta. 

? Rostellaria {Uippochrenes) columbaria^ , Caryatis Delawarensis^ Gabb. 

Desh. Protocardia curia^ Conr. 

? Valuta (Volutilitfies) mutata^ Desh. i Crassatella lifforalis^ Conr. 

i 

Pleurotoma {Sure f da) annosa^ Conr. Vencrica rdia peraiitiqua, Conx, 

y Pynda {Pynficus) Smithii^ Sow. Yoldia protexta^ Conr. 

Pleurotomaria perlata^ Conr. I Avicula annosa^ Conr. 

Architcctonica idonea^ Conr. 

(Cook, Geology of New Jersey, 1868, pp. 731-2; Check liist of Eocene Fossils, Smiths. 
Misc. Coll., 1866.) 

To these are sometimes, but erroneously, added Area quindecemradiata^ Gabb, 
Crassatella Dehticarensis^ Gabb, and Terehratxda glossa^ Conr. 

It will thus be seen that the most distinctive Eocene forms found elsewhere, such 
as Ostrea sellopformis^ Ostrea compressirostra {= 0. liellovariua .^), Cucullcea (jigantea^ 

* Geological Map of New Jersey, 1882. Prepared by the Geological Survey of the State, uudor the direction 
of Prof. G. U. Cook. 
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or Cardita phimcosiiiy have not yet been discovered in this State. While, therefore, 
from paleontological evidence alone* it would be impossible to indicate with precision 
the horizon which the New Jersey deposits hold relatively to the other Eocene deposits 
of the Atlantic and Gulf borders of the United States, yet from the presence of a 
number of organic forms which would appear to be indicative rather of an older than 
of a newer period, the absence of distinctively Upper Eocene species, and the circum- 
stance that the beds in question occupy a position directly, in line with the similarly 
placed older Tertiar)' deposits of Maryland and Virginia, whose age has been more 
definitely fixed (Thanetian ]), it may safely be premised that the horizon is near the 
base of the entire Eocene series. 

Miocene. — Whatever may be the exact nature or age of some of the superficial 
deposits, as the " glass sands," occupying that portion of the State lying between the 
Eocene line and the coast, there can be little or no doubt existing as to the direct 
continuity throughout that portion of the State of the strata that have in Maryland 
and Virginia been designated the Miocene. Beds referable to this period have been 
identified in numerous areas throughout the region, and have in various localities been 
described as lying unconformably upon the Eocene, i. 6., with a less pronounced dip 
toward the sea. The fossils hitherto discovered in the deposits of this period are 
comparatively few in number, and have been obtained in principal part from the 
southern sections of the State, from the marl exposures in Salem and Cumberland 
(Shiloh) Counties. 

Among the forms that have been identified with species occurring in other Miocene 
localities are : — 

Ostrea Virginica (including 0. Mauri- | Cnuaatella rnelina. 

censis). | Cardltamerd arata. 

Pecteii namphreysiL Yoldia Kmntvla, 

? Mytilus hflatns. ^ \ Corhula elevafa, 

? Astarte exaltata [A, Thomasii). Ndtica cafencidea. 

Astarte undulata {A, distans). , 

Other species, apparently confined to the State, are : — 

Ostrea percraasa. ; Anafina cdta. 

Plicatida deiisata. Saxieava (?) parilis. 

Garditamera aculeata. Fasciolaria {TiirhintUa?) WoodiL 

Myaia parilis. Ftdgur scalariformis. 

Venus DucaielUi. Turritella cequiatriata. 

Venua plena. \ TurrikUa Cumherlandiana. 

Mercenaria cancellata^ Gabb. Turritella aecta. 
Tellina Shilohensia. 
Thracia myreformis. 



Fisaurella GrisiOinL* 



* Spi>cimens of most of the sj ec'es enumerated in tie alove lists aic in the possession of the Academy of 
Natural Sciences. 
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It is very likely that ^oth divisions of the Miocene indicated by me as occnrring in 
Maryland and Virginia,* and by me designated as the " Marylandian " and " Vir. 
ginian," or the lower and middle Atlantic Miocenes respectively,t will eventually be 
found to be equally well marked off in New Jersey, althougli up to the present time, 
from the sparscness of the fossil remains that have been collected, no such sul division 
could be satisfactorily attempted. But from what material we have at hand, it may 
be safely asserted that the localities which have been so assiduously searched in the 
neighborhood of Shiloh, and elsewhere in Salem and Cumberland Counties, belong to 
the older or " Marylandian" division. J 

No satisfactory evidence has yet been brought forward proving the existence of 
any marine Pliocene deposits in the State. 

Delaware, 

We possess but very little precise information respecting the Tertiary formations 
of this State; no reallv accurate survev has here ever been carried into effect, and our 
present geological and paleontological knowledge of the region is based largely upon 
the '; Memoir of the Geological Survey of the State of Delaware," of Prof. J. C. 
Booth, published in 1841. I am not aware that the Eocene formation has been abso- 
lutely identified by its fossil remains as occurring in the State, but no reasonable 
doubt can be entertained as to its existence there (although possibly entirely obscured 
by the newer Miocene deposits) as a direct continuation of, or connection between, the 
belts developed in Maryland and New Jersey. The northern boundary of the forma- 
tion, corresponding to the southern boundary of the parallelly trending Cretaceous 
formation, will be found to lie along and somewhat to the north of the Appoquini- 
mink, holding, probably, a more or less S. W.-N. E. direction. The southern third 
of the State appears to be in principal part covered by either very late Tertiary, or, 
what seems more likely, by post-Tertiary deposits ; these are described as occupying 
the whole of Sussex County and the southern portion of Kent, defining the southern 
limit of the Miocene along the Murderkill and its tributaries. Prof. Booth recogniaes 
two principal divisions in the Delaware Tertiaries, which he designates the northern 
and southern Tertiaries, but these have no special significance, being founded on 
purely geographical and lithological, and without reference to paleontological, char- 
acters. Still, more careful examination may prove them to correspond in a general 
way with the two Miocene divisions to which reference has already been made when 
treating of tlie geology of New Jersey. The invertebrate fossils specifically id(?ntified 
by Booth as occurring in the Miocene deposits are: Venus aheata^ Venus iwycerami- 



* Prcx'. A. N. S., 1880, p. 20, ft »(q, ; 1882, p. 150, ct srq. 
t Pror. A. X. 8., 1882, p. 184. 

J IhMlprhi : **Oii the Stratigraphical Evidence afforded by the Tertiary Fossils of the Peninsula of Mary- 
land," Proc. A. N. S., 1880, pp. 31-2. 



10 



THE TERTIARY GEOLOGY OF THE 



I . 
t 



i « 

i 

i 



formis (F. inoceroules) , Nucula kevis^ Mf/oconclta, probably M, incurva, and Pecten 
Madi^oniue. 

Maryland. 

.With respect to the Tertiary geology of this State we have very much more 
precise information than in the case of Delaware, although it must be confessed that 
a great deal still remains to be accomplished before an even approximately accurate 
delineation of boundary lines can be presented. This apphes more particularly to 
the rej<ion of the East Shore, where the geological work done has been of a decidedly 
unsatisfactory character — a character that unfortunately only too well distinguishes 
the exploration of a very considerable portion of the Atlantic border. It is lamentable 
to find in the report of a survey published as late as I860,* that work had not yet 
proceeded sufficiently far to permit of the subdivision of the Tertiary series into its 
primary component members (Eocene, Miocene and Pliocene), and this thirty years 
after the publication of Conrad's paper on the " Geology and Organic Remains of a 
Part of the Peninsula of Maryland " ! f 

The Cretaceo-Tertiary boundary line enters Kent County from Delaware at a point 
situated a few miles north of Millington, bisects in a southwesterly direction the 
peninsula foi-med between the northern head of Chesapeake Bay and Chester River, 
and continues on the west shore from a point a little outside of Annapolis to the 
neighborhood of Fort Washington, on the Potomac, a few miles below the city of 
Washington. South of this line to about the Little Choptank in Dorchester County, 
the region is occupied by the older and middle Tertiary deposits ; the rest of the State 
southward and southeastward, consisting of loamy clays and sands, is considered to be 
of post-Tertiary date. The combined Tertiary and post-Tertiary areas cover nearly 
one-half of the entire State. 

Eocene. — The development of this formation on the East Shore has thus far not 
been accurately traced, but it may be assumed that its southern boundary lies some- 
what between Chester River and Centreville. Chestertown and Millington doubtless 
both lie within its area. On the West Shore the formation has been more accurately 
studied, at least from a paleontological standpoint, but even here the exact boundary 
line, separating it on the southeast from the adjoining Miocene, has never been 
accurately defined. It may be said to correspond in a general way with a N. E.-S. W. 
line, drawn from the inlet known as West River, on the Chesapeake, to the mouth of 
Port Tobacco River, on the Potomac. In the area occupied by this formation, which 
consists of clays, marls, indurated sands, and, in some places, compact siliceous rocks, 
fossil remains, although somewhat restricted in variety, are sufficiently abundant, and 
comprise a number of forms, prominent by size, which are more or less distinctive of 



* First Report of Philip T. Tyson, State Agricultural Cbemist, p. 43. 
t Joum. A. N. S., vi, p. 205, et seq. 
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the State. The best known fossil-bearing localities arc Fort Washington, situated a 
few miles below the city of Washington, Piscataway, on Piscataway Creek, and Upper 
Marlborougli, in Prince George's (^Joiinty, which have been made known principally 
through the labors of Mr. Conrad. 

The positive determination of the relation whicli these older Tertiary deposits hold 
to the typical American Eocene series as exhibited in Alabama, can only be arrived 
at when a direct stratigraphical continuity can be traced between the deposits of the 
two States, or between their previously recognized representatives in the intervening 
States. This is due to the fact that several members of the Eocene series appear to be 
absent from this portion of the Atlantic border, but exactly which it has as yet 
been impossible to determine. The presence of strata of Jacksonian age has never 
been detected, nor have we any positive knowledge concerning the existence in the 
State of any beds which may be looked upon as the equivalents of the Orbitoide lime- 
stone, although Oligocene (Vicksburgian) strata may exist along the Chesapeake. 
But whether the deposits in question — Fort Washington, Piscataway, and Upper Marl- 
borough — represent the Claibornian, Buhrstone or Eo-Lignitic is a matter of consider- 
able uncertainty, perhaps largely due to their comparatively feeble development. 
Almost the only evidence we have bearing upon this point is derived from the charact-er 
of the contained fossils, but even here the results obtained are far from satisfactory^ and 
for two reasons : in the first place, the character of the Eocene fossils is largely uniform 
throughout the greater portion of the entire series, as is shown by nearly the lowest 
and highest exposures in the State of Alabama ; . and in the second place, the great 
distance intervening between the two localities — Alabama and Maryland — may readily 
account for certain differences in the general aspect of the two fossil faunas, which 
otherwise would probably be attributable to a non-cont<^mporaneity in the periods of 
their introduction. The evidence afforded by lithological characters is almost equally 
unsatisfiictory, since there is a frequent repetition of the general rock aspect — ^green- 
sands, clays, and siliceous marls — observable at different stages of the series. Conrad, 
the only investigator whose observations on this subject are of scientific value, affirms 
that the majority of the fossil moUusca are of the CUaiborne type, and he consequently 
correlates the beds containing them in a general way with those exposed on the Ala- 
bama River, although without specially indicating with what portion of the Claiborne 
section they were supposed to correspond. Indeed, about the only fossils obtained from 
the Maryland localities which can in any way be said to be either characteristic of or 
peculiar to them are Panopea elmigata^ Pholadomija MarylamHca^ Pholaa petrosa^ 
GuciiUcPd {Lafiarc(f) gigantea^ Ostrea rompreasirostra^ and one or two doubtful species 
of CrassatelJa. All the species here named, if we except the doubtfiil Crassatellas and 
Oatrea compressirofifra, are good species, and if we further deduct CiicuUcea gigatdea^ 
the only Eocene species of the genera to which they belong thus far discovered in the 
eastern or southern United States. On the whole, therefore, they afford little or no 

3 JOUR. A. N. 8. PHILA., VOL. IX. 
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(!|iir t(» flic cxnci (Irtcrrninntion of tli(,» iif^c* of tlio dc^posits in wliirh they occur. It is 
true Unit iiii exjuuiiiJitioii of iho hoinotaxial deposits of Europe shows the genera 
l^liftlnditnitjd iiiid /*fin(»fffui to 1)(* more (^specially characteristic of the lower or even 
lowermost hori/on, of \\w lv)e(Mie s(»ries, as in tlie Knglish and French basins, but no 
Hpecial iul(»rene(? can 1m^ drawn from this circumstance*, since tlie species are not the 
Name, and the genera survived tlirou^h tli(* succec'ding periods to the present day. 
In the* rase of Ofifnu v.nmpnwHlrosint^ liowevcu', we hav(^ a mu(^h more tangible point. 
The* sp<»(Mes, first deH(!ril)ed and fi;j;ured by Say (Journal of the Academy of Natural 
ScirncM's, iv, p. r.iil), is ccM'tainly v(»ry iutimatc^ly ndatcul to the Osirea lirlhvfw.ha of 
Lamarc!k, and aj)par(Mitly uudistinj^uisliabh* from certain varieties of that species.* 
Ni)w tliis spc»cies, ahhnuj»:h not exchisively restricted to the lowest Eoc(*ne beds, is 
nevertheh»ss hijifhly charact(Mistic of the* Thanc^t sands, below the London (!lay proper 
and also below what was formerly di^signatinl as the ''Plastic ('lay" series, where it 
constitutes a trur bascMucMit acciunulation ; and it holds almost precisely the same 
relation to the beds of tin* Paris basin, where, according to Deshayes {Amvmux 8, 
Vtid^hrtH^ litiMsin fir /*rim, ii, p. 117), it occuj>ies the horizon of the Bracheux sands. 
Tin* sp«»ries, whiM*«»V(M' (bund, appears \o \tv considerably restricted in its vertical range, 
and its «)ccurren(*e, therel()n\ in sonu* of the American deposits woidd seem lo afford 
soint* more decidt^d indication of thi^ true age of those deposits than could be obtained 
from the character of the limit(Ml nund)er of its contained fossils taken as a whole. 
Associatcil with Osfrrti mmprrfisiriMfra were found casts of the large Cucul/(.r(i gttjautea 
(Conrad, Journ. Acad. Nat. Sciences, vi, p. 'ilo, 1830), a sjxvies which appears not to 
be n*prt\sent(nl in any of (h«^ eipiivalent European ftu'mations. But in Virginia, in 
beds which can be slnuMi to be the iliriH't eipiivalents of those of Maryland, there 
occurs, in addition to the (\ tjifjaNffa of (\mrad, a second species of CtirtflhT^^ the C. 
i^itirfirh of Ixogers ^^'^^lus. Am, Phih>s. S^u*., new ser., vi, p. 373; Ltffarca itlonpa. 
lour., Proc, Vcad Nat. Sri., 1S7V?, p. r>3 — no locality stated), whicli, if not identical 
with the (\ % ntssofintt of Lamarck, Inmi the Bracheux sauils of the PiM'is Iwsin, is 
OMiainlv most intimately n^lattnl to it, and can be considereil in everv way as its 
uumediute reprosentativo.+ It slundd also be stated that the only. other sp Ties of 
(*».c* iV«ff» descrilvd by IVshayos (Anim tftjr .n\ Verfc^r,^ B*ts^in *fe P'iri<, i, p. lOJ)) iVom 
the Paris basin ^^f \ rwc? f7ti, IX^sh."^ is found in the sjune horizon witli the C cr'^-sti/Zz/rt, 

• Vho »i»>nujHU>U'njj «'h.inji t^-rs of Iho lv:iks ^vvnuM out b> S,iy tlo not "^vm t » hoUl in many iiistanivs, as is 
\»5\*\<\l 1\\ ^iHv.mcn> ot' tho t' R r.Vr.K*i'i,> frvMu tV *'l.ou*lon OlaY'*oi' noicuor, EngLuul. in tlio o»'uvt:on> of 
the \\,»*Un\>. x^hu'h ao uot aitVor as mu.V. t'rvMu ,^r;.^in AworioAn si^vimcns ,i?i ihos<' last a.^ anion:: t'.*'ms<*:vis. 

'■ \ XxAW" ) m\ no si^vnr.oU'i ot th«' Furv^ivAu >)hv:o< w ith \\hi*'hto in^tit.'.Xo ainvt oom]«rMni>s. l«u: a> the si^vies 
»N A '..r^x" ,MU\ Aua w.tt; \^cV.-*ut\m\l ohAr*xt*'r5< I V.;i\t' ix'IhhI n^v^n the tigiin^s ami ohar,ux<rs as i*;ini:<:.t^i by 
lVN>V,a\*> i'.-;^ .t'.\.< .^*".>.<,.', .V s ■;,/.•"/•..< ,;, :V->X\ v- »*^-* « Ai\*s. TI. wx*. lijTS, '*anvi9 . «hvV. ar i^-eV. kn.^vrn lor 
I !u' ; r A^ *• ; rav" > . VV.o i \ .•-.•**■.? Ti\ .1 t s ,• a ; a\>j: ;; im \ »y I * j\>t \\ i\ V. ij ua n . ^^ »;: r:i. o* »'. . S v. . 1 v>|. y . t * V .lU' ? M orr: 5 
/'\\**. . U;-t V\vvs ," \\ '.i^T a> Iv.r.a: a'.^o an Kr.»;i:sh tonu. a;;oI as In. ■ on ^ •'.::: to ;:-.c Thantt strl. s. ^-v.: ^y Soarles 
WnSX'. *' Mon*>9;raj0*. ,^t : t V,v\no Mo'.'.us^a** n-xa'.x^Ss. *r. TaUxn;:. S\. IV. V*. , 1^*^!. p. ;*4 . :1.^ sivcU'* 
,\vxut"a; at Uon\o 1va\. Ka\\'-NV.av.\. ot.*.. :s vvt^v^uT.-^i to Iv liistinci C tiV»r.Jk*:\T. Park. . 
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and, likewise, the single species described by Searles Wood from the older Tertiaries 
of England is a lower Eocene form. 

If such comparisons are of any value stratigraphically we may fairly look upon the 
Maryland Eocene deposits — the Piscataway sands below, and the Marlborough rock 
above — as representing a horizon nearly equal to that of the Thanet snnds of England 
and the Bracheux sands of the Paris basin, or of the Britisli Bognor rock (= London 
Clay).* In either case they would be near the base of the Eocene scries. 

In the scale of the American series as exhibited in Alabama they would occupy 
a position probably near the base of the " Buhrstonc," or possibly even lower, as the 
equivalents of the beds exposed on Bashia Creek, and Ca\e and Knight's Branches 
("Eo-Lignitic"). 

Miocene. — All the rest of the State southeast of the Eocene line, except such 
parts as may be covered by post-Pliocene deposits — -TVorcester, Wicomico, and portions 
of Dorchester and St. Mary's Counties — belongs to the Miocene formation. As in 
the case of New Jersey, no satisfactory evidence has as yet been brought forward 
proving the existence in the State of the Pliocene. 

In a former paper f I have attempted to show that the post-Eocene Tertiary 
deposits of this State are divisible into two groups — an older and a newer, one of which 
— the newer — is unequivocally Miocene, and the other, possibly, Oligocene; both 
belong to a period antedating the principal post-Eocene deposits of the States of North 
and South Carolina. The deposits of the older group, which I have since designated 
as the " Marylandian," J and have recognized as constituting the Lower Atlantic 
Miocene of the American coast, are best exhibited in the oyster banks, rising a few 
feet above tide-water, in Anne Arundel County, along the western shore of the Chesa- 
peake, in the exposure of Calvert Cliffs, and in the Perna beds of the Patuxent River 
near Benedict. 

Localities of the newer group are found at or near Cove Point, Calvert County, 
the Patuxent River, below and above Benedict (in the deposits overlying the Perna 
beds), and at numerous points along the St. Mary's River, in St. Mary's County. The 
proportion of recent species in the foss'd fauna is here very much higher than in the 
deposits of the older group, and clearly indicates a considerable interval between the 
periods of the respective depositions. Beds belonging to the newer period, which I 
have elsewhere correlated with the principal Miocene deposits of Virginia (the 
"Virginian"), also occur on the East Shore, at Easton, pn the Choptank, where the 
moUuscan fossil fauna corresponds very closely with that observed on the west bank of 
the Patuxent. Connecting the points where the two series of deposits occur, it will 



• The similarity existing between the Marlborough and Bognor rocks has been pointed out by Conrad (Proc. 
National Institution, p. 173, 1841^. 

t Proc. A. N. S., 1880, p. 20, et seq, 

X "On the Relative Ages and Classification of the post-Eocene Tertiary Deposits of the Atlantic Slope,'* 
Proc. A. N. 8., June, 1882. 
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be seen that the older group (Marylandian) occupies a northwestern area, or that 
adjoining the Eocene ; and the newer group (Virginian) the area included between this 
last and that occupied by the post-Pliocene beds to the soutlieast. 

At the time that I prepared the article above referred to on ''Tlie Stratigraphical 
Evidence afforded by the Tertiary Fossils of the Peninsula of Maryland," wherein I 
indicated the existence and positions of the two divi>ions of the Maryland " Medial 
Tertiary," I was unaware that Conrad, some forty-five years before, had arrived at 
conclusions approximately identical with my own (although the data supporting his 
position were of a rather fragmentary and not exactly satisfactory character), but which 
he appears to have completely ignored at a later day. Thus in a paper on the 
^' Tertiary Strata of the Atlantic Coast," published in 1835,* it is stated that between 
the Chesapeake Bay and Potomac River two classes of deposits occur " besides the 
equivalent of the London Clay or Eocene, the first of which, lying most to the westward, 
contains fewer recent species than the other, and is well characterized by the gigantic 
Perna maxiUata.^^ In my paper already referred to I have also stated that the lower 
or older beds are those wliich are characterized by Perna maxillata^'\ and it is just 
this species which is likewise largely disseminated through well-known Oligocene and 
older Miocene deposits of Europe. With it occurs Mytilus incurva^ a large mytiloid 
form, which may be taken to be the representative of the Mytilus TIaidingeri or if. 
Favjdsi, forms also distinctive of the European Oligocene and Miocene. 

Virginia, 

The Tertiaiy formations of this State, for whose delineation we are principally 
indebted to the labors of Prof. W. B. Rogers and Mr. Conrad, pursue a more nearly 
meridional direction than in any of the other States that we have thus far been 
considering. The region occupied by them, designated also as the " Tertiary marl 
region," has been defined by Rogers J as embracing "nearly all that portion of the 
State included between its eastern boundary, the Cliesapeake Bay and tlio Atlantic, 
and a hypothetical line intersecting the principal rivers at tlieir lowest lalls. Various 
beds of clay and sand, nearly horizontal in position, abounding in fossil shells, and the 
remains of large marine animals, form the characteristic strata of this division of the 
State, while occasional bands of iron ore, and beds of greensand, and a small portion 
of gypsum, occurring in connection with one of the fossilifcrous deposits of the region, 
are among its other materials of value." 

The inner boundary corresponds in a general way with a line passing from the 
mouth of Acquia Creek, on the Potomac, to the neighborhood (a little outside) of 
Fredericksburg, and thence through Wales, at the junction of the North and South 

* Am. Joum. of Science and Arts, vol. xxviii, p. 106. 

f "There i?, further, strong, although not ccnclusive, evidence for considering the beds containing Perna 
niaxillata and Ostrea percrassa as the lowest of tlie series." Pro;r. A. N. S., 1880, j). 23. 
X Kepo.t of the Geological Reconnoissance of the State of Virginia, 1836, p. 8. 
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Anna Rivers, tributaries of the Pamunkey, Richmond and Petersburg to the North 
Carolina frontier. For a considerable distance soutli of Petersburg this line has not 
been accurately traced, but its course shows d southwesterly deflection. 

Eocene. — From the line above indicated as forming the western boundary of the 
Tertiary in general the Eocene extends eastward in a narrow meridional strip, with a 
breadth varvini? from about 5 miles in the south to 12-15 miles in the north. On the 
west in its northern half it abuts upon the Trias, and in its southern half upon rocks 
of Archaean age. The absolute thickness of the formation appears nowhere to have 
been determined, and until more satisfactory data as to the amount of dip and the 
exact boundary outcrops be afforded, no reliable calculation can be made. B\it it 
would appear that in no locality where the beds are exposed does the visible develop, 
ment much exceed 30-40 feet. On the James River between Coggin's Point and 
City Point the thickness of the exposed strata is about 20 feet, and in the neighbor- 
hood of Mathias's Point, on the Potomac, opposite Port Tobacco in Maryland, which 
marks the eastern boundary of the formation, the thickness of the strata, as ascer- 
tained by Rogers, was very nearly the same, or 25 feet. 

There is no reason for doubting that the Virginia Eocene deposits are a direct 
continuation of those of Maryland, as the position of the beds would readily suggest, 
and that consequently they represent an equivalent horizon. This conclusion is 
further borne out by the character of the fossil remains, which approximate closely to 
those of the State referred to, and among which we find such prominent large forms 
as Ostrea comjjressirostra* Carclifa jyJanicosfa (including Venericardia a>^cia of Rogers), 
Turrit ella Afotoni., CucuUcea gigantea^ and the related Cucullaa onochela (Rogers; 
Latlarca idonea of Conrad), the last but doubtfully distinct fiom the C, crassatbia^ 
Lam., from the Bracheux sands of the Paris basin. The large saddle-shaped oyster 
{Ostrea sellce/ormls) which becomes such a prominent feature in the Eocene fauna 
of the more southern States, and one of whose deposits forms the basement layer in 
the famous Claiborne bluff" on the Alabama River, appears to have had a much greater 
development here than in Maryland, where the remains of the species are very scanty. 

Miocene. — The Miocene area extends from the Eocene boundary already defined 
to the sea, occupying what in principal part constitutes the tidal districts of the State. 
As in the case of the Eocene, there can be no question but that the deposits of this 
age form a direct continuation of the similar deposits of Maryland, and that conise- 
quently we have here approximately the same horizon or horizons represented. The 

* Specimen in the possession of the Academy of Natural Sciences from near Alexandria, right bank of the 
Potomac. Conrad, in his list of the Eocene fossils prepared for the Smithsonian Institution in 1800, confines the 
species to Maryland exclusively. Rogers, in his reports published in the American Philosophical Transactions 
(new series, vols, v and vi), makes frequent reference to this fossil, but, singularly enough, credits it with a 
position in the Miocene. It is not unlikely that in some instances, at least, the 0. d%sporiV.» may have been 
mistaken for the form in question, to which it bears a striking resemblance. Nor does it seem unlikely that the 
0. Hi'nuosfi is niore nearly 0. diaparilU than 0. comi/rcssiro»tra^ although stated to come from the Eocene green- 
sands (Rogers, vol. v, p. 340 ; vol. vi, PI. xxvii, fig. 1). 
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division into the " lower " and " middle Atlantic Miocene," or what I have designated 
the '^ Marylandian " and " Virginian," does not, however, appear to be as distinctly 
marked oflf as in that State, the fossils indicating a more nearly uniform age (Vir- 
ginian), but this seeming divergence may possibly be attributed to imperfect observa- 
tion, or to a lack of observation. The discussion of the age of the beds here referred 
to, as well as of the equivalent deposits of Maryland, and their relations to the French 
faluns and the older Tertiar) deposits of the Vienna basin, is fully set forth in my paper 
" On the Relative Ages and Classification of the post-Eocene Tertiary Deposits of the 
Atlantic Slope" (Proc. Acad. Nat. Sciences of Pliila., June, 1882). It is not unlikely 
that th(* extremity of the State lying south of the James River, and including partly 
or wholly the counties of Southampton, Isle of Wight, Nansemond, Norfolk and 
Princess Anne (with the towns, among others, of Wakefield, Smiihfield, Suffolk and 
Norfolk), as well as the extremities of the penins\das included between the James, 
York and Rappahannock Rivers, belongs to a somewhat newer period than the region 
lying farther to the west, or more nearly that represented by the later Tertiary 
deposits of North and South Carolina — the " Carolinian " or upper Atlantic Miocene 
— whose continuation appears to be found here. The '' fragmentary rock," consisting 
largely of comminuted and closely cemented shell fragments, described by Rogers* as 
occurring at various points on the ea.^tern portion of the Miocene district, at York town 
and Kelk field on the York River, and " near the extremity of all the peninsulas," and 
wherever occurring forming a distinctive? feature in the stratigraphy of the region, is 
an indication of this newer formation. The existence of a newer division of the post- 
Eocene Tertiary in southeastern Virginia, although erroneously referred to the 
"Medial Pliocene," was already indicated by Conrad in 1835,t who assigned as 
localities for the same Yorktown, Suffolk and the James River near Smithfall 
(Smithfield ?). A somewhat similar division of the Tertiary is made by Rogers, \iho, 
however, refers the newer division, with West Point, Norfolk, Suffolk, Wakefield, 
etc., to the Pliocene. J 

One of the most interesting components of the Virginia Miocene formation is the 
deposit of diatomaceous earth, with a development in some places of 30 feet, which 
is expos.^d near Richmond ('' Richmond earth ") and Petersburg, and which lies near 
the base of the system. It rests upon, or but little above the top of the Eocene, from 
which it is distinguished by the presence of occasional casts of Miocene shells, which 
clearlv indicate its later orio^in. The same donosit has been traced to the Patuxent 
River and Herring liay, on the Chesapeake, Md., r.iid l^.as been struck hi an artesian 
boring at Fortress Monroe at a depth of 558 fec^t below the surface, likewise resting 
upon the Eocene. § We have here direct evidence bearing upon the thickness of the 



♦ Rep. Gcol. Rfconn., 1836, pp. 23-4. J Macfarlane's '* Geological Railway Guide," 1879, p. 184. 

t Am. Jouni. Science and Arts, xxviii, p. 10i5. J Rogers, in Macfarlane's Guide, p. 183. 
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Miocene deposits, and an indication of the dip of the underlying Eocene beds. If we 
assume with llogers that the eastern outcrop of the Eocene formation above tide-water 
on a line west of Fortress Monroe is located at about the town of Waverly,* then we 
have for a horizontal distance of about 42 miles a descent of between 550 and 600 feet, 
or an average dip of 13-14 feet to the mile.f 



North Carolina. 

Most of the Tertiary deposits of this State are obscured by a capping of Quaternary 
gravel, sand and clay, which extends inwards for a distance of upwards of 100 miles 
from the sea. Beds belonging to both the Eocene and Miocene series occur in 
disconnected and limited patches, exposed principally in river excavations and bluffs. 
The exact horizon or horizons in the typical series which the Eocene beds represent, 
has not yet been satisfactorily ascertained, the paucity of fossil remains, and their 
divergence from the representative Eocene forms, preventing an absolute determination. 
The following list embraces most of the invertebrate forms, beyond indeterminable 
cast^, that have been referred to the formation : — 



Cidaris Mitch eJii. 
Cidaris Carolinensis. 
SciUella Lyelll, 
Mortonia {Periarchua) altiis. 
Microcrintfs conoides, 
Ikhinocyamus pai^as. 
Gonioclypens suhangulatus, 
Flabelhim (?) cunei forme. 
Dendrophyllia la^vis. 
Caryophyllia subdichotoma. 
Lunulites contiyua, 
Lwtidites aexnngidata, 
LunuJi4e8 distans. 



Eschara tuhulata. 
Terehratula Wilmtjigtonensis, 
Terehratula demimirostra. 
Pecten memhranacea. 
Pecteri anisopleura. 
Pecten Carolinensis. 
Nucula magnifica. 
Lucina pandata. 
Cardita rotunda. 
Vivipara Lyelli, 
Oliva Alabamensis. 
Natica setites. 
Infundibulum trochiforme, J 



The Miocene clearly belongs to a period ulterior to the deposition of the principal 
Maryland and Virginia deposits, and represents approximately the South Carolina 
series (" Carolinian"). Owing to the superficial covering of Quaternary material it 
has been thus far impossible to determine with the desired precision the contour lines 
of the two formations, and hence on the accompanying map these (the inner 
boundaries) as represented must be considered as being largely hypothetical. 



* "Lower 19 Teitiary here probably above tide-level,'' in Macfarlane, p. 184. 

t Throuu^h th»' kinduess of Dr. Guillou the writer has obtained specimens from an artesian boring conducted 
at Newport News (June, 1882), in which he has been able to recognize fragments of Pecten Humphreyni, a form 
characteristic of the lower Atlantic Miocene (" Maryland ian") of Maryland. The depth inlicat«d for the 
fragments was 410 feet. 

X The non-italicized names are given on the authority of Lyell, Q. J. Geol. Soc, i, pp. 431-82. 
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The following descriptions arc borrowed from Kerr's report on the geology of the 
State * : — 

Eocene. — The distribution of the rocks of this subdivision is more limited than 
that of the Cretaceous, and much more so than that of the Miocene, which overlies 
it. The boundaries of it, north and south, are the Neuse and the Cape Fear ; and 
it is found on the Neuse to within 2 or 3 miles of the railroad crossing, near 
Goldsboro', and at one point, in an isolated outcrop on the river bluff 7 or 8 miles 
further west; and it occurs in limited outcrops throughout the triangular region 
between Newbern and Goldsboro' and Wilmington. It consists of light-colored and 
yellowish consolidated marlites (bluffs of the Neuse 10 miles below Goldsboro', above 
Newbern, Natural Wells near Magnolia), shell conglomerates (about Newbern, Trent 
River), siliceous buhrstones, calcareous sandstone (near Goldsboro', Wilmington, etc.), 
gray and hard limestone, coarse conglomerates of worn shells, sharks' teeth, and 
fragments of bones and stony pebbles (upper part of Wilmington and at Rocky Point), 
or fine shaly, light-colored infusorial clays, as seen in Sampson County. Outside of 
the region bounded by the above points there are two or three patches of Eocene, one 
capping a hill 350 feet above the sea, on the railroad 7 miles east of Raleigh, a siliceous 
shell conglomerate of 2 or 3 acres in extent and 6 to 10 inches thick ; the second, a 
ferruginous and calcareous sandstone of 4 or 5 feet thickness, on the top of a hill in 
the southeastern corner of Moore ; this last containing some shells and many 
echinoderms. These fragments, or outliers, show that this formation, limited as it 
was in thickness, had a vastly greater horizontal extent than would have been 
suspected, and they carry the shores of the Eocene seas quite into the hill country of 
the State, and nearly 150 miles from the present coast line, and to an elevation of 
nearly 400 feet. 

Miocene. — This subdivision of the Tertiary extends over nearly the whole seaboard 
region, from the sea-shore and the western margin of the sounds, 50 to 75 miles inland. 
It has a much greater horizontal extent than the preceding, and a greater thickness, 
but is less continuous, being found in disconnected patches, often of quite limited area, 
and exposed, Uke the preceding, only in river bluffs, ravines, ditches, wells, etc. It 
consists of beds of clay, sand and marl, which are locally filled with shells, more or 
less decayed, to a thickness of 2 or 3 to 6 or 8 feet, and occasionally 10 or 20. 
The formation thickens, deepens toward the northern border of the State, the beds 
being much thicker on the Tar and Roanoke than on the rivers south of them, and in 
fact being of such thickness here as to conceal both the Eocene, if it exists, and the 
Cretaceous, with a few quite local exception s.f 



• Report of the Gkjological Survey of North Carol'na, 1875, pp. 150-51. 
t Kerr, op. cit., pp. 150-51. 
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South Carolina. 

The Tertiary deposits of this State occupy considerably more than one-half the 
superficial area, the territory comprised by them having a pretty nearly uniform width 
of 100-110 miles. The inner boundary lino (as indeed is the case for almost the 
whole Atlantic border) conforms generally with the coast contours, and crosses the 
State in an almost direct northeast course from about opposite Augusta, in Georgia, via 
(Columbia, to the North Carolina frontier. Throughout its entire extent the formation 
abuts upon granite or metamorphic rocks, gneisses, schists, and slates, whose exposures 
mark the first or lowest falls of the descending streams. The line of junction of the 
rocks of this series, consisting of sands, clays, marlites, and compact siliceous shell 
conglomerates, or " buhrstones," with those of the Archaean series, is indicated along the 
entire distance by deposits of sandy strata, which mark the line of distribution of the 
long-leaved pine {Pinus pahistris)^ and support a vegetation essentially distinct from 
that of the rest of the State. 

Eocene. — Mr. Tuomey* recognizes three distinct divisions in this formation, 
respectively in the order of their position, beginning with the oldest, the Buhrstone, 
the " Santee beds," and the "Ashley and Cooper beds," the last two principally of a 
calcareous character, and corresponding to the "Carolina bed" of Ruffin. They form 
the basement of the so-called "Charleston Basin." The Buhrstone occupies the inner 
area of the Tertiary formation, extending over a continuous tract between the 
Savannah River and the Congaree, northwest of a sinyous line connecting Lower 
(Upper) Three Runs and Vance's Ferry on the Santee and passing on the inside of 
Allendale, BamweU and Orangeburg. The thickness of this formation, which at 
many points along its southern edge and elsewhere can be seen to dip beneath or 
imderlie the Santee beds, has been stated by Tuomey to be upwards of 200 feet, or as 
much as 400 feet. Its upper member is frequently a layer of greensand, which may 
be the representative of the similar layer that further to the south, in Alabama and 
Mississippi, marks the position of the true " Claibomian." However this may be, it 
is practically certain that the Buhrstone of Tuomey and the greensand together 
represent a very considerable, if not the greater portion of the deposits which in this 
State underlie the horizon of the typical " Jacksonian," as the character of the con- 
tained organic remains clearly indicates. Their approximate equivalency with the 
Buhrstone and " Claibornian " may therefore be assumed. Whether the calcareous strata 
occurring on the Santee below Vance's Ferry, and bordering upon the southern edge 
of the Buhrstone, be also referable to the " Claibomian " or not, or whether they 
constitute the correspondent of the " Jacksonian," we have as yet no satisfactory 
means of determining. It is true that a general similarity exists between their fossil 
remains and those of the older strata, yet there are a considerable number of forms 



♦ Rei>ort of the Geology of South Carolina, 1848. 

4 JOUB. A. N. 8. PHILA., VOL. IX. 
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which are not contained in the older rocks, as Pecten memhranosus^ P. calvatus^ 
P, 2)er planus^ Conn8 gyraiva^ several of the Echinodermata, etc., but which, or a 
number of which, on the contrary, are to be found in the supposed newer strata of the 
Cooper Eiver, presently to be noticed. Furthermore, if the remains of Zenglodon 
referred to by Tuomey as having been found in these deposits actually belonged there, 
and there appears to be no reason for supposing that the observation rests on erroneous 
data, then we are forced to admit that the beds in question represent a horizon above 
that of the Claiborne sands on the Alabama River, and more nearly that of the over- 
lying white limestones. The evidence, then, is strong for conchiding that the Santee 
Cidcareous strata form part of the true Jackson series.* In separating the Ashley 
and Cooper series from the Santee Mr. Tuomey appears to have been influenced 
principally by paleontological considerations, rather than by considerations drawn from 
stratigraphical position, although he alludes to the supei^position of the beds in question 
over those of the Santecf But if, as is contended,^ many of the fossils of the Ashley 
are found on the Cooper, and elsewhere, but as a group they are very distinct from 
those of every other bed in the State, might it not be assumed, in the absence of facts 
proving direct stratigraphic continuity, that the two members (the Ashley and the 
Cooper) of the series indicated are in themselves distinct ] But yet they are grouped 
as one by Tuomey, and not improbably so with reason. And if one, why separate the 
series from the Santee ? We fail to discover from Tuomey's writings that any material 
diff'erence exists between the faunal facies of this last and the deposits exposed on 
Cooper River ; on the contrary, a very considerable number of the forms are common 
to both, and among these we have the forms that have already been referred to, 
Pecten membranosus^ P, cnJvafu^^ P, perphtnns^ Cortits gyratus^ etc., besides the Zeu- 
glodon, which ranges through the Santee, Cooper, and Ashley beds. There appears 
to me to be no good reason for separating the above deposits from each other as indi- 
cative of special horizons, although they may occupy diiferent stratigraphical positions 
in the geological scale, and, therefore, I have retained them as one group, the cor- 
respondent of the " Jacksonian.^ 

Or.ioocENE. — What the precise age of the beds on Tinker's Creek and along the 
Savannah opposite and below Sliell Bluff, in Georgia, containing Oatrea Georgiana^ 
is — whetlier upper Eocene (" Shell Bluff " group of Conrad) or Oligocene — still 
remains to be determined. It appears not unlikely that Hilgard's supposition as to 
their being of Vicksburg age,§ and their correspondence (as was maintained by Conrad) 
with the oyster-bed underlying Vicksburg Bluff on the Mississippi River, whose 
position is between tlie Jackson and the Vicksburg, is a correct one, although the 



* Ostrea panda^ one of the d'st nctive Santee fossilB, is found aljiindantly in the ba^al portion (Jackson) of 
St. Stc^phen's Bluff, on the Toml)igbce R vei , Ala. 

t Op. cit., p. 162. t Ojh cit, p. 163. 

g Am. Joum. Science, new series, vol. xlii, pp. 68-70. 
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evidence on this point is not yet absolutely confirmatory. Most of the fossils* 
obtained by Lyell from the face of Shell Bluff are forms th^t have been identified as 
exponents of the typical Eocene — " Glaibornian " and Buhrstone — but we are not 
clearly informed what relative position these held to the Georgiana layer, or the layer 
containing the giant oyster. More direct information on the point in question is given 
by Ruffin,t who asserts that the oyster-bed, with a development of 4-6 feet, occupies 
the top marl layer of the bluff overlying what he unhesitatingly calls the '* Great 
Carolinian bed," and which, as we have already seen, is the correspondent in part or 
in whole of the "Jacksonian." If these observations are to be trusted in their entirety, 
then there can be but very little room left for speculation on the subject — either 
the oyster layer forms a part of the Jackson series, or belongs to a deposit of newer 
age, doubtless the Vicksburg (or Oligocene). 

Miocene. — The post-Eocene Tertiary deposits of South Carohna, considered by 
Tuomey and Holmes to be of Pliocene age, but here referred to the Miocene, occupy, 
as seen by their outcrops, principally the northeast section of the State, and are most 
largely developed in Horry, Marion, Darlington, and Sumter districts. As in North 
Carolina they appear mostly in isolated patches, filling depressions in the underlying 
Eocene or Cretaceous strata, either along exposed river sections, or on elevated spots 
that have effectually resisted denudation. South of the San tee River the formation 
has been traced on the Cooper and some of its tributaries, extending within a tew 
miles of the city of Charleston, and an outlier is noted by Mr. Tuomey as existing on 
the Edisto below Givham's Ferry. Unfortunately the actual extent of the formation 
under consideration is not sufficiently well known to permit of its accurate representa- 
tion on the map, and, therefore, the boundaries there indicated must still be considered 
in a measure hypothetical. It appears not unlikely that a connecting tract of Miocene 
exists between the Georgia and South Carolina areas ; at any rate, the Edisto deposit 
above referred to would seem to indicate such connection. 

Georgia. 

No accurate detail work on the Tertiary geology or paleontology of this State 
has thus far been attempted ; at any rate, no results of such work, if made, have 
as yet been published. Our knowledge of the subject is still, therefore, mainly 
of a general or fragmentary character, and not sufficiently precise to permit of its use 
in either definitely locating the boundaries or defining the approximate extents of the 
various formations. It is, however, positive that we have here representatives of both 
Eocene and Miocene, and not unlikely the former is represented in all or nearly all the 



♦ Oliva Alabamensis, Pynila sp., Turb nella (Voluta) prisca, Melongena alveata, lufundibulum trochiforme, 
Natica SBtites, Crepidula lirata, Dentalium thalloides, Ostrea sellsBformis, Nucula magnifica, Cardita rotunda, C. 
planicosta, Crassatella protexta, Lucina pandata, Cytherea perovata, C. Poulsoni, Lutraiia lapidosa. Lyell, Q, 
J. Geol. Soc., 1, p. 437. 

t Rept. Agricult. Surv. of South Carolina, 1843, pp. 32-8 and 34. 
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various divisions which collectively characterize the formation along the Atlantic and 
Gulf slopes — i, c, "Eo-Lignitic," "Buhrstone,'* *'Claibornian," and "Jacksonian" — 
although these divisions have not yet been clearly made out. The Buhrstone appears to 
occupy the greatest extent ; at any rate, whether correctly or incorrectly, it is the forma- 
tion generally referred to as the typical Georgia Eocene. The Jackson doubtless enters 
the State along the southern border, although I am not aware that its existence there 
has been definitely determined through the character of its fossil remains. Mr. Ruffin's 
determination (?) of the " Great Carolinian Bed " (= Jacksonian) in Shell Bluff, 
on the Savannah River, has already been referred to in our description of South 
Carolina, and needs no further comment here Leaving avside the probable existence 
in the State of the Oligocene formation, as would seem to be indicated by the Georgiana 
bed, or b(^d containing the giant Ostrea Oeorgiana^ overlying the marl deposits 
(Ruffin's " Great Carolinian *') of Shell Bluff, it is almost positive that the formation 
in question occupies some little, if not a considerable section of the lower Tertiary 
area, continuous with the area occupied by the same formation in Florida The later 
Tertiary deposits occupying the Atlantic border, and having an extent landward of 
about 60 miles, are probably continuous with, and doubtless of the same age as the 
later Tertiary deposits of South Carolina, and are accordingly referred to the Miocene. 
The Tertiary deposits, whicli in their entirety occupy considerably more than one- 
half the area of the State, doubtless rest upon a Cretaceous floor, and abut for the 
greater part of their extent upon rocks of Arcluean age. Their inner boundarj' cor- 
responds approximately with a moderately sinuous line running from near (a little 
outside of) Augusta, on the Savannah, by way of Macon, Fort Valley, Montezuma, 
Americus and Cuthbert, to Fort Gaines, on the Alabama frontier.* 



* Since the pR«i>anition of the above the writer has received, through the kindness of the author, Dr. 
Lough ridge 'a note's on the geology of the State i Ileport on the Cotton Prochiction of the State of Georgia, pp. 
14-10 ; extracted from the Tenth Census Reiwrts, 1884', which, unfortunati'ly, are too brief to add very 
materially to our knowledge of this division of the geological history'. The following section, taken from Mr. 
Singleton, is given of Shell Bluff, Burke Co. : — 

1. Red loam hill tops, ....... 15-25 feet. 

2. White sandy marl, coarse sand and oysters — Ostrea QfOT(jiana, . 10 feet. 

3. Coarse drift and shell fragments, ..... 2 feet. 

4. Shell l)e<l — 0. Oeorgiamr, . . . . . . 13 feet. 

5. White sandy marl, ....... 60 feet. 

6. Indurate marl, with casts of small shells, .... 2 feet. 

7. White sandy marl, ....... 6 feet. 

8. Indurate marl, with casts of shells and few Ostren HelhvformU, . 3 feet. 

9. Hard yellowish white marl, ...... 4 feet. 

10. Oyster-bed — 0. HtUiifornm, ...... 1 foot. 

11. Hard marl, ........ 5 feet. 

12. Oyster-bed — 0. ttelhrformis, ...... inches. 

13. Hard yellowish-white marl, . . . . . . 10 feet. 

14. Fine yellowish sandy marl, ...... 6 feet. 

15. Yellowish-white clay marl, ...... 2 feet. 

16. Itidurate marls, with shells, ...... 2 feet. 

17. Whitish-gray clay marl (to water), ..... 15 feet. 

The beds containing Ontna Gforgiuna are referred to the Vicksburg series ; No. 5 not improbably represents, 
either in part or in whole, the "Jacksonian,*' while the lower portion of the bluff is doubtless largely of the 
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Florida. 

The geological relations of the rocks of this State, as well as the history of their 
exploration, are clearly set forth in a paper by Prof Eugene A. Smith, entitled : " On 
the Geology of Florida," and published in the American Journal of Science, 3d series, 
vol. 21. It is there conclusively shown that the views entertained by Louis Agassiz 
and Joseph Le Conte as to the recent and coralline formation of the peninsula are 
essentially erroneous, and that, as a matter of fact, the greater portion of the peninsula 
dates back to the Oligocene period, or to the period of the Orbitoitic limestone. 
Substantial proof of this fact is afforded by the numerous localities where fossils — 
very largely the genus Orbitoides itself, with the species 0. ManteUi^ and others^-dis- 
tinctive of the Orbitoitic formation have been discovered, as in the stretch between 
Tampa Bay, where they were first identified by Conrad nearly forty years ago, and 
the Georgia* line. Beside the localities where fossils of this class were determined by 
me to characterize the rock formation, to which reference is made by Dr. Smith, 
other areas of a like nature have since been discovered, and most notably, perhaps, 
the territory about Cedar Keys, where, from rock specimens submitted to me by Mr. 
Joseph Willcox, I was enabled to detect the existence of a tnie Nummulitic rock, or 
a rock made up very largely of the united tests of principally one form of Nummulite.* 
This rock, which is found in the immediate neighborhood of the Cheeshowiska River, 
in Hernando County, about four miles from the coast, contains in addition to the mass 
of Nummulites of which it is so largely made up, a suflicient abundance of Orbitoides^ 
and also the foraminiferal form which Conrad described as Cristellaria rotdla^ but 
which I have referred to OpercuUna,'\ From a locality further to the north, Waca- 
sassa in Levy Co., rock specimens submitted to me were found to contain a number 
of Echinoids of the genus Empatangvs.X referable specifically to the forms described 
by Cotteau from the Oligocene deposits of the island of St. Bartholomew, as E. Clevei 
and E. Anlillarum,\ 

From what has preceded, taken in connection with the observations that have been 
made in western as well as in northern Florida, it may safely be conceded that the 
underlying rock of the greater portion, if not of nearly the entire State, is of Oligocene 
age, and therefore no countenance is given to the theory which assumes a recent for- 



** Claibomian " age. The Miocene tract, whose rock masses are stated to closely resemble the Grand Gulf sand- 
stone of the Gulf States, is claimed to have a much broader extension than we have above indicated, for if the 
outcrops observed in Irvin and Dodge Counties really belong to the period in question, which may perhaps still 
be considered as not yet satisfactorily established, then the inner boundary of the formation will be removed 
from the coast by about 130 miles. [The Miocene area on the map is according to Loughridge.] The rocks 
have a slight dip to the southeast, and on the Oconee, where they have bedn traced for a distance of 60 miles, 
their development is stated to bo 200 feet. 

♦ Nummulites Willcoxi. Heilprin, **Onthe Occurrence of Nummulitic Deposits in Florida, and the Asso- 
ciation of Nummulites with a Fresh-water Fauna," Proc. A. N. S., July, 1882. 

f The species is not impossibly identical with 0. c&mphinata. 

X The generic determination kindly made for me by Prof. Alexander Agassiz. 

§ K. Svens. Vet.-Akad. Handl., 1874. 
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mation. How far south the Orbitoitic limestone extends has not yet been determined, 
but there appear to be no reasons for assigning it to a limit far removed from the 
border line of the Everglades. For aught we know to the contrary it may extend 
quite or nearly to the peninsular extremity. 

Barring the post-Pliocene of the coast, the only indication that we as yet have of the 
existence of any marine formation in the State newer than the Oligocene is the patch 
of limestone referred to by Dr. Smith* — as occurring at Rock Spring, Orange Co., 
from which have been obtained specimens identified by me as belonging to the Miocene 
period — Pecien MadisoniuSy Venus alveata^ Cardita granidata^ Carditamera arata^ 
and doubtfully, MytUoconcha incui^^a^ Cardium svbUneaium and Oliva Utferata. Other 
Miocene areas will doubtless bo discovered, and not impossibly a more or less con- 
tinuous belt will be found to unite the Rock Spring patch with the Miocene area in 
Georgia. 

Alahama. 

The Tertiary formations of Alabama, which occupy a tract in the southern part 
of the State with a general width varying from about 55 to 90 miles, seemingly 
exhibit equivalents of all the various subdivisions that have been recognized on either 
the Atlantic or Gulf borders as intervening between the base of the system and the 
Vicksburg beds (Oligocene). The Eocene appears here clearly defined in its four 
divisions, the Eo-Lignitic (Thanetian '?), Buhrstone (Londonian ?), Claibomian 
(Parisian, or Calcaire Grossier), and Jacksonian (Bartonian), which follow each other 
in a general succession (commencing with the lowfist) from north to south. Covering 
the Jacksonian, and occupying a belt immediately to the south of it, are the Vicksburg 
beds, whose most southern exposure on the Alabama River is at or near Gainestown, 
some eighty miles north of the Gulf, where the strata pass under the beds that have 
been designated by Hilgard as the "Grand Gulf Group." Whatever the exact age of 
the deposits of this group may be, they are the only ones of marine or fluvio-marine origin 
that indicate along the Gulf border a Tertiary formation of newer date than the Vicks- 
burg ; whether they belong to the Miocene period, as has been suggested by Hilgard, or 
to the PUocene, can only be ascertained when a more thorough examination of their 
fossil remains will have been attempted than has heretofore been practicable. For 
their entire extent the Tertiary deposits abut against those of Cretaceous age, the two 
having a very nearly equal development, and together occupying about one-half the 
area of the State. In their eastern half the outcrop or strike of the strata is more 
nearly due east and west, with a moderate dip to the south, while in the western half 
the line of outcrop is W. by N. — E. by S., with a dip S. by W. of about 10 feet to the 
mile. 

A convenient starting point in the Tertiary stratigraphy of the State is afforded 



♦ Loc, ciL, p. 302. 
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by the famous bluff exposed on the Alabama River near Claiborne, which has yielded 
the fossils known to geologists and paleontologists as those characteristic of the " Clai- 
borne Group." Probably the most trustworthy section of this bluff is that given by 
Tuomey,* as follows : — 
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Red sand, loam, and pebbles. 


Feet. 
* 30 
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Mottled clay. 
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• 
Limestone, with- grains of greensand. 


54 


d 
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Ferruginous sand ; numerous fossils. 




Whitish limestone. 


62 


Bed of clay 15 feet thick, with seam of limestone on top. 


15 



Note. — ^Tuomey does not give the thickness of bed "d," but it appears from the concurrent statements of 
different observers to be about 17 feet. The total height of the bluff above the Alabama River would therefore 
appear to be in the neighborhood of 190 feet. 

The measurements and descriptions of Conrad,t Hale,J and Lyell,§ do not differ 
very materially from the data given hy Tuomey. The arenaceous bed " cZ," about 80 
feet above water-level, has yielded the vast majority of fossils for which the locality 
is famous, and is that which has been identified as the equivalent of the " Calcaire 
Grossier" (Upper Eocene of France = Bruxellian of Belgium). Although formerly 
considered to be near the base of the system, .there are now very strong grounds for 
concluding that these beds are underlaid by older Eocene strata, having a thickness 
at least 300 feet, and, possibly considerably more. The age of the limestone bed " c," 
although perhaps the character of its contained fossils does not permit of absolute deter- 
mination, is doubtless at least in part Jacksonian, and will be found to correspond with 
a portion of the bluff exposed at St. Stephen's on the Tombigbee River, about thirty 
miles almost due west of Claiborne. At any rate, a portion of the white limestone west 
of Claiborne has been found to contain several of the characteristic fossils of the Jackson 
group,^and these associated with the remains of Zeuglodon; there is, therefore, no 
doubt as to the age of at least this portion of the white limestone, nor can there be 



♦ First **Biinnial Report of the Geology of Alabama," 1850, p. 152. 

+ "Fossil shells of the Tertiary Formations," 1833, p. 32 ; Proc. of the Nat. Institute, 1841, p. 174. 

X "Geology of South Alabama." Am. Jour, of Science, new ser., vi, p. 354. 

§ Q. J. Geol. Soc., iv, p. 10, et aeq. 
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any reasonable doubt as to the continuity existing between these deposits, and the 
similar ones exposed on Claiborne bluff. 

Section on Bashia Creek, Clarke Co. — Probably the section representing the 
oldest Eocene deposits of the State is that exposed on Bashia Creek, detailed by 
Tuomey in his " First Biennial Report," p. 145 : 



1 

2 
3 


Hard Limestone. 


4 feet. 


Marl, highly' fossiliferous. 


25 feet. 


Blue sand. 


Variable. 


4 


Lignite and clay. 


6 feet. 

1 


5 


Laminated clay, sand, and mud. 


Thickness undetermined. 


6 


Lignite. 


do. do. 



Note. — ^Bcds 5 and 6 do not properly belong to the section, but " represent beds seen on another part of the 
stream below the preceding '* (Tuomey, loc, cit.y p. 146). 

Beds corresponding to No. " 2 " of the above section are likewise exposed on Cave 
and Knight's branches, tributaries of Bashia Creek, and have been shown by Dr. 
Eugene A. Smith to underlie the base of the " Buhrstone " proper by nearly (if not 
more than) 200 feet.* The relations of these various beds will be best imderstood by 
a reference to the sections exposed on the Tombigbee River. 

Sections on the Tombigbee River. — At Wood's Bluff, near the mouth of Bashia 
Creek, we have the following exposure : — 



No. 

1 


Orange sand, or stratified drift. 


Feet. 
10-20 


6 


• 

Grayish or greenish laminated clays, colored brown by iron. 


10 
2 

5 
3 


5 


Ledge of bluish or greenish sand, fossiliferous — capped by a 
ledge of hard nodules. 


4 


Bluish laminated claj, with few fossils. 


3 


Indurated greenish sand, full of the same shells as marl bed 
No. 2. 


2 

1 


Greensand marl, quite soft, and full of shells. 


3 


Indurated greensand with shells, and a stratum of oyster- 
shells at water's edge said to extend 10 feet further down. 


10-15 



Bed No. 4 is considered by Dr. Smith to be most closely related in the character 
of its fossil remains to the fossiliferous strata exposed on Cave and Knight's branches, 
and it is therefore not unlikely that the series 1-5 correspond in the main with No. 2 

♦ HeUprin, Proc. Acad. Nat. Sciences, 1881, p. 369. 



EASTERN AND SOUTHERN UNITED STATES. 27 

of Tuomey's Bashia section * The basal lignite would then probably he found to 
underlie the lowest stratum exhibited at the BluflF. Bed No. 6 (Wood's Bluff section) 
can be traced down the river for a distance of two or three miles, when it dips beneath 
the water's level. Somewhat below this point, and beyond the mouth of Witch Creek, 
the stratigraphical relation of the different beds is beautifully exhibited in a prominent 
cliff ("White Bluff"), rising from 250 to 275 feet above the river. The upper 
portion of this bluff is constituted by the characteristic siliceous clay-stones and 
silicified shell deposits of the southern " Buhrstonc " formation, which make up fully 
100 feet of the vertical height. Laminated lignitic clays (bearing numerous leaf 
impressions), with occasional intercalated beds of pure lignite, enter mainly into the 
composition of the intermediate portion, i. e., from the water's level to the base of the 
buhrstonc above mentioned. Allowing a uniform southerly dip of 10 feet to the mile, 
which appears to be consistent with obtained data, it is manifest that at this point the 
lowest fossiliferous strata exposed at Wood's Bluflf (and consequently the equivalent 
deposits on Bashia Greek and its tributaries. Cave and Knight's branches) must lie 
from 175 to 200 feet below the base of the siliceous mass constituting the true 
buhrstonc ; or in other words, we have here a series of deposits aggregating about 300 
feet in thickness, which can be shown to be of an age anterior to the deposition of the 
Claiborne fossiliferous" sands. At Baker's Bluff, a few miles above St. Stephen's 
(which is situated some twenty-eight miles south of Wood's Bluff), the buhrstonc, 
according to Tuomey, appears in a vertical escarpment rising only 50 feet above the 
water, a low height perfectly in accordance with the loss occasioned by the general 
dip extending over nearly twenty miles. At this point, moreover, occupying a position 
above the buhrstonc, Tuomey (op. cit^ p. 148) identifies a bed of greensand, 8 feet in 
thickness, as the equivalent of the Claiborne fossiliferous sands (" d " of his section), 
and containing numerous fossils identical with tho:^ e found at Claiborne. Still further 
south, and occupying a considerably lower level, the same bed is described as having 
a development of 12 feet, and immediately above St Stephen's was seen to dip beneath 
the water's edge. At this last locality we have a beautiful exhibit of what has 
generally been designated by the name of " White Limestone. "f 

There can be not the least doubt, however, that this " White Limestone," which 
has most frequently been taken to represent bodily the Vicksburg (Oligocene or '* Or- 
bitoitic "), is in reality, as has been long ago insisted upon by Winchell,J a combination 
of strata belonging to two distinct groups of deposits. The lower moiety, dipping 
into the river, and resting upon the subjacent Claiborne sand (Tuomey, op c/<., p. 157 ; 
Lyell, Q. Joum. Geol. Soc. Lond., iv, p. 15 ; Hale, A. J. Science, new ser., vi, p. 359), 



* The relations of the Bashia and Wood's Bluff sections, as well as those of Cave and Knight's branches, 
are fully set forth in my j aper above referred to, Proc. A. N. S., 1880, pp. 364-70. 

1 1 have been unable to discover the exact height of this bluff. Neither Lyell nor Tuomey mentions it; 
Conrad, in the appendix to Morton's ** Synopsis '* (p. 23), states it is about 100 ftet 

X Proc. Amer. Assoc, 1856, part ii, p. 85. 

5 
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is the true " White Limestone," an exponent of the Jacksonian group of deposits, as 
is clearly indicated by the character of its contained fossils.* Were it otherwise the 
cases it would be very difficult to explain the total disappearance over a distance of 
only thirty miles (and with but exceedingly moderate dip) of the equivalent beds 
exposed on the Alabama River at Claiborne. The upper moiety, on the other hand, 
is a portion of the well-known Orbitoide (Vicksburg or Oligocene) rock, and is that 
whicli alone contains specimens of Orbitoides ManteUi (Winchell, loc. cit.^ p. 85). 

From the data here presented, a section of the Tertiary strata traced along the 
Tombigbee River from Wood's Bluff to St. Stephen's, may, with considerable approach 
to truth, 1)(» constructed as follows: — 



Buhrstoiie 
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The foregoing section shows almost conclusively that the Eocene deposits of Ala- 
bama liave a thickness of very nearly 400 feet ; and, indeed. Dr. Smith, State Geolo- 
gist, informs me that there are good grounds for supposing that Tertiary beds occur 
along the northern outcrop, whose position would be still 150-180 feet below the 
Wood's Bluff marl bed. It will further be seen that the "Claibomian" (or Claiborne 
propiT, as characterized by the fossiliferous greensands) holds a position decidedly 
near the top of the series, a position almost precisely similar to that occupied by the 
*'Cal(»aire Grossier" (Parisian) of France, more properly Upper than Middle Eocene, 



* SpondylM dum<mu and Ottrea panda^ originally described as characteristic fossils of the newer CretaceouB 
(upper Eoceiio) of the southern United States, have been found abundantly near the base of the bluff. 
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which last it has very generally been considered. What relation beds " h " and " c " 
of the Claiborne Bluff hold to the sub-Claibornian (*' Buhrstone " in part) deposits of 
the Tombigbee River has not yet been absolutely determined ; but there can be no 
legitimate doubt that they represent, in a modified form, the upper moiety of those 
deposits. Although the marked difference in the lithological character of the strata 
of the two localities as compared with each other (and, indeed, it must be confessed, 
this is much greater than could have been reasonably inferred from the general con- 
stancy of the deposits in this region) would seem to militate against such a view, there 
is, nevertheless, sufficient evidence, both stratigraphical and paleontological, to support 
this conclusion. In the first place, by determining the position of the buhrstone rock 
near St. Stephen's as immediately imderlying the highly fossiliferous green sand layer, 
Tuomey has proved that the two series of deposits (the " Buhrstone " on the Tombig- 
bee, and bed " c " on the Alabama) hold relatively the same position to the true 
Claibornian, lying immediately below it. In the second place, the argillaceous strata 
at the base of Claiborne Bluff (bed "4" of Hale's series) have been identified by 
Hale, both on lithological and paleontological evidence (A. J. Science, new ser., vi, p. 
356), as occurring at Coffeeville Landing on the Tombigbee River, about fourteen 
miles north of St. Stephen's, what might very readily have been expected from an 
inspection of the general lay of the different formations.* No data are given relative 
to the position of the " Buhrstone " at this last locality, but hypothetically considered 
(as deduced from its position at White Bluff, and its general dip), its summit must 
still occupy a position fully 100 feet above the level of the river; and this thickness 
(100 feet) coincides very closely with the thickness (80-90 feet) of the deposits below 
the true Claibomian (bed " rf") as exposed in the bluff on the Alabama River. And 
finally, that at least a very considerable portion of the inferior beds at this last-named 
locality represent strata of a different lithological character in other portions of the 
State — and consequently, that they are local deposits — is proved by the concurrent 
statements of Hale {Joe, cit. p. 356) and Winchell {he. cit^ p. 86), both of whom 
assert that the calcareous deposit below the arenaceous bed (not the '* White Lime- 
stone ") is not known to occur at any other locality. 

From the data here presented, it will be seen that the Alabama Eocene formation 
comprises : 

4. " White Limestone " (Jacksonian), best exhibited at Claiborne (upper portion of 
bluff) and St. Stephen's (lower moiety of bluff), not very abundant in fossils — 
Pecten memhravosus^ P. Pauhoni^ Ostrea jyanda^ Spondylvs dumosus^ " Scutella " 
Lyell% etc. — 50 — ] feet. 

* A line uniting Claiborne and Coffeeville Landing would run almost precisely parallel with the line marking 
the junction of the Cretaceous and Tertiary deposits lying hence due north. The contour lines traced by Tuomey 
would indicate a true dip west of the southerly line, and that this is actually the case is proved by the difference 
(80-90 feet) between the actual heights at which the equivalent beds at St. Stephen's and Claiborne are placed. 
This also agrees with Hilgard's observations in Mississippi, where the dip of the Jackson and Vicksburg strata 
was found to be about 10 to 12 feet per mile S. by W. (A. J. Science, new sen, xliii, p. 86). 
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3. The fossiliferous arenaceous deposit (Claibornian), best shown at Claiborae — 
subaqueous at St. Stephen's — very rich in fossils, and of the age of the '* Calcaire 
Grossier" of France. — 17 feet. 

2. "Buhrstone" (Siliceous Claiborne of Hilgard), comprising siliceous clay-stones 
(buhr-stone proper) densely charged with fossils or their impressions, laminated 
clays, sands and calcareous deposits — beds "&" and "c" of the Claiborne section, 
the cliff at White Bluff, and the so-called " Chalk Hills " of the southern part 
of the State. At Claiborne the representative beds consist of aluminous and 
calcareous deposits, poor in fossils, but containing occasional layers of Ostrea 
sellopformia. — About 250 feetf 

1. The Wood's Bluff and Bashia (with Cave and Knight's Branches) deposits (Eo- 
lignitic), consisting of alternating dark clays, greenish and buff sands, and 
numerous seams of lignite, partly very rich in fossils, and as far as is yet posir 
tively known, the oldest Tertiary deposits of the State. — 50 — I feet.* 

The exact development of the Vicksburg (Oligocene) and Grand Gulf (Miocene %) 
deposits, has not yet been determined. 

It appears very probable, from the investigations of Prof L. C. Johnson, that the 
limits of the Tertiary formation extend considerably farther to the north than have 
generally been represented on the maps, the northward extension at Allenton being 
ten miles, six at Camden, and seventeen at Butler Springs f 

Mississippi, 

The Mississippi Tertiary formations, which cover by far the greater portion of the 
State, exhibit essentially three different facies: variously colored lignitiferous clays 
and sands — ^black, brown, blue, green, yellow, gray, and impure white; siliceous 
sandstones and claystones containing marine fossils; and limestones and calcareous 
marls, also with marine fossils. Lignitic clays occur intercalated throughout almost 
the entire series of deposits, and conversely, small estuarine deposits of marine shells 
occasionally appear in the true lignitic strata,J All the subdivisions recognized in 
Alabama are also to be met with here, and as in that State, they follow each other in 
regular succession from north to south. The dip appears to be nearly conformable to 
that of the subjacent and eastwardly located Cretaceous deposits, being westward — 
about 4-5 feet per mile — in tlie northern part of the State, and southward — 10-12 
(average) feet per mile S. by W. — in the southern part.§ 

♦ The **Buff Sands " of Winchell {loc, cit., p. 89) probably falls into this group, but its exact position, or 
its correspondent, does not appear to be as yet definitely determined. It is seen to underlie the **Buhrstone," 
and is considered by Winchell to represent the absolute base of the Tertiary system of the State. At Black's 
Bluff, Wilcox Co., it is stated to repose directly on the subjacent Cretaceous limei>tone, but in a foot-note (p. 90), 
we are informed that, according to Tuomey, the characterist'c fossil of this limestone, an Ostrea, is probably 
Tertiary. 

t Scunce, vol. «, p. 777 (Dec, 1883) ; ili, p. 32 (Jan., 1884). 

X Hilgard, ^'Agriculture and Geology of Mississippi,'' p. 107, 1860. 

§ Hilgard, Am. J. of Science, new ser., xliii, p. 36, 1867. 
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The following generalized section, slightly emended from Hilgard, is given upon 
the data furnished by that authority ; the approximate thicknesses may be taken as 
minima^ being often greatly exceeded. 

1. Grand Gulf Group, or southern Lignite (Miocene ?) — variously colored sandstones, 

with small lignite beds, tree-palms, exogenous trees, Arundinacece. — 150 feet. 

2. Vicksburg beds (Oligocene — " Orbitoitic "). 

a. Crystalline limestones and blue marls, with Ostrea VicJesburgeTms^ 0. gigan- 
tea^ Pecten PouUoni^ Cardium diver sum ^ Area Mississippiensis^ Navicvla 
Mismssippiensia^ N. lima^ Graasatella Missiadppiensis^ Parhopea oblongata^ 
Fulgoraria Mississippiensis^ Cyprcea lintea^ Dentalium Miaaissippiensis^ 
Madrepora Miaaiaaippienaia^ Orbitoidea Mantelli. — 80 feet. 

h. Ferruginous rock of Red Bluff (" Red Bluff Group '* of Hilgard, typically 
exposed in the bluffs of Chickasawhay River, near Red Bluff Station, 
Wayne Co. — the correspondent of the " Shell Bluff Group " of Conrad ?), 
with Plagioatoma (Spondglua) durnoaa^ Cardita planicoata^ C. rotunda^ 
Boafellaria velafa^ Fulgoraria Miaaiaaijypienaia^ Mitra Miaaiaaippienaia^ 
Caaaidaria lintea^ Conua aauridena^ Buaycon apiniger^ Natica Vickaburgenaia^ 
Trochita trochi/ormia^ Dtntalium thalloidea^ Oateodea^ Madrepora^ Flahellum 
Waileaii, — 12 feet. 

c. Lignitic clay and lignite, as shown at the base of Vicksburg bluff. — 20 feet. 

3. Jackson beds (" Jacksonian "= Bartonian). White (oft;en indurate) and blue 

marls, underlaid by lignitic clay and lignite, with Zeuglodon macroapondyluaj 
Cardita planicoata^ Cardium Nicolleti^ Leda mvltilineata, Corbula bicarinataj 
Eoatellaria velata, Oaatridium vetuatum^ Morio Peteraoni^ Valuta dumoaa^ Mitra 
Millingtoni^ M. dumoaa^ Conua tortilia^ Cypro&a feneatralia^ Trochita alia^ 
Umbrella planrdaia^ FlabeUum Waileaii^ Oateodes irroraiua, — 80 feet. 

4. Calcareous Claiborne (*' Claibomian " — age of the " Calcaire Grossier "). — White 

(sometimes indurate) and blue marls, with the well-known Claiborne fossils. 
— ] feet. 

6. Siliceous Claiborne ("Buhrstone" — Suessonian in part). — Sandstones and claystonds 
with Claiborne fossils. — % feet. 

6. Lignitic or Northern Lignite (" Eo-Lignitic ") — Basal lignites, with interstratified 
clays and sands, containing marine fossils, and (Tippah) plant remains — Quercua, 
Carya^ Populua^ Morua?^ Ficua^ Laurua^ Peraea, Comua^ Olea^ Bhamnua^ 
Terminalia^ Magnolia^ Dryandroidea ?^ Rhua. — 425 — % feet. 
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Considerable uncertainty still exists relative to the age and position of the deposits 
constituting the Northern Lignite. Their local variability, uniformly moderate dip 
(or even horizontality), and dearth of fossil (animal) remains, combined with the cir- 
cumstance that at only a few localities is a superposition of strata distinctly observable, 
render a positive determination difficult, if not impossible. That the region of the 
" Flatwoods " bordering the Cretaceous formation on the west, and extending to the 
northern boundary of the State, is of the same age as the formation occurring in 
Lauderdale and Neshoba Counties, which can be distinctly traced beneath the 
Siliceous Claiborne or '' Buhrstone," there can be but little or no doubt, and, there- 
fore, as far as the age of this section is concerned, nothing further need be said. But 
whether all the lignitic territory lying north of the marine Tertiary boundary, and 
occupying nearly the whole northern half of the State, belongs to the same geological 
period (Eo-Lignitic), as Hilgard appears disposed to believe,* may well be considered 
doubtful. On the contrary, it appears far more reasonable to suppose, seeing the 
position occupied by the outlier of the Siliceous Claiborne in Carroll, Holmes, Attala 
and Choctaw Counties (fehongalo, Valden, etc.), that the ligritiferous deposits, or at 
least a portion of them, of these counties, as well as of Yazoo, Madison and Leake, 
and possibly also of Yallabusha, belong to a much newer period, not improbably the 
Jacksonian. Hilgard clearly affirms that the marine outlier here referred to is as well 
over as underlaid by Ugnitorgypseous strata ;t again in a boring made in the Jackson 
penitentiary well, and penetrating, as stated, to a depth of 470 feet, what would 
appear to be a continuation of the Shongalo (Siliceous Claiborne) deposits was struck 
at 450 feet, or 418 feet below the strata recognized to be of Jackson age. Granting 
the correct determination of the Shongalo deposit, it is evident that the 418 feet of 
lignitic clays passed through before the 20 foot shell-bed was reached, and regarding 
which " there can be little doubt that it, also, is of the Claiborne age," must represent 
something much newer than the basal lignites, and not improbably, as has already 
been suggested, the Jacksonian (at least in principal part). J Such a reference would 
be much more nearly in accord with the disposition of the Jackson beds in the 
adjoining State of Louisiana, where, according to Hopkins, the strata are also very 
largely lignitic, and where they occupy the greater part of the area included between the 
" Vicksburg " line and the Arkansas boundary.§ They doubtless extend for a con- 
siderable distance into Arkansas, largely entering into the formation of the Mississippi 

• "Agriculture and Geology of Mississippi," p. 109 ; Am. J. of Science, new ser., vol. xliii, p. 35. 

t Q?>. cit., pp. 122-3. 

X Hilgard is not vt ry explicit in his reference to the Shongalo deposit. While considering it an exponent of 
the Siliceous Clailome in his geological reports of the State, in a later article, "On the Tertiary Formations of 
Mississippi and Alabama " (Am. J. of Science, xliii), the deposit in qu( stion is referred to the Lower Lignite on 
p. 34, and, again, on the following page we have mention of "the marine outlier of the Claiborne age, in Carroll 
and Attala." 

§ Second Annual Report of the Geological Survey of Louisiana, p. 8, 1870. 
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embayment, and meet their continuation on the other side of the river in the State of 
Mississippi. 

Siliceous and Calcareous Claiborne. — ^There can be no question that the deposits 
we have recognized in Alabama and elsewhere as the " Buhrstone " and the " Clai- 
bornian *' have their exact counterparts in Mississippi, and that these correspond in a 
general way with what Hilgard has designated the " Siliceous Claiborne " and the 
" Calcareous Claiborne " respectively. The former extends in a belt, some twenty 
miles wide, westward from the Alabama line nearly half across the State, reappearing 
as outUers in Carroll and Attala counties in the deposits of (near) Valden and Shongalo, 
to which reference has already been made in the discussion of the Northern Lignite. 
Among its commoner fossils are Gardita planfcosta^ C. rotunda^ Cardium NicoUeti, 
Ostrea divaricata^ Pecten Lyelli^ and Voluta petrosa. From the locaUty of Enterprise, 
on the Chickasawhay River, Clarke County, situated on the line of contact of the 
" Sihceous " and " Calcareous Claibomes,'' as indicated by Hilgard, Mr. Conrad in 
1865 described the following species of mollusca, claimed to be all new, "and 
distinct from those of any other locality from which fossils have been sent to the 
Academy; *'* Oatrea falciformia^ Ehurneopecten scintillaius^ Arcoperna filosa^ Niicula 
spheniopsis^ Leda linifera^ Axincea {Pectwnculus) inequistria^ A. duplistria^ Qouldia 
pygmciea^ Grasaatella prodncta^ Protocardia lima^ Gyclas curta^ Sphcerella hulla^ Alvei- 
nu8 minuta, Gytlierea securiformis^ G. annexa^ TelUna ebwmeopsis, T. alharia^ TelUnella 
linifera^ Gorhala Jilosa, Doliopsis quinquecosta^ TurrUella perdita^ and Mesalia? 
arenicola.'f 

The true " Claibornian," consisting of blue marl and white marlstone, is but very 
feebly developed in the State, occupying a narrow strip, some thirty to forty miles in 
length, mainly in Clarke County, wedged in between the Buhrstone and Jackson. The 
fossils, in distinction to those of the corresponding Alabama deposit, are very imper- 
fectly preserved, and in most cases specifically unrecognizable. The leading forms 
are: Ostrea sellce/ormis^ 0. divaricata^ Pecten Lyelli, Gorbtda gibhosa^ {G. onisvsy 
Conr. ; G. rugosa, Lam ) and Voluta petrosa. 

Jackson and Vicksburg. — The deposits of the Jackson and Vicksburg (Oligo- 
cene) periods occupy parallel bands passing across the State, disappearing in the west 
under the Mississippi alluvium. The most distinctive fossil of the former is the 
Zeuglodon^ and of the latter Orbitoides^ represented by two (0. Mantelli^ 0. nupera), 
or more species. Although by several observers, including Conrad, the fossils here 
indicated have been at various times referred to as occurring together in the same 
deposit, there can be but Uttle question, as has been insisted upon by Hilgard, that 

• Am. Joum. of Concbology, i, pp. 187-41. 

f Most of these are doubtless distinct, but it would be difficult, if not impossible, to distinguish between 
Oitrea faleifonnU and 0, divaricata^ Nucula sphcmiopris and N, omda^ and Cytherea annexa and O, perotatoj 
common Claibome fossils. 
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either such reference has been based upon error, or that the interassociation, where it 
actually exists, dates to a period subsequent to that of the original deposition of the 
strata. At any rate, the painstaking investigations of the geologist last mentioned, 
have failed to reveal a single instance where an " Orbitoid has been found associated 
with either the Zeuglodon, or any of the characteristic fossils of the Jackson group."* 
From the neighborhood of Jackson, on the Pearl River, Conrad, in 1855, described 
the series of fossils which led him to institute a distinct division of the Eocene under 
the name of the " Jackson," and which he correctly located between the Claiborne 
and Vicksburg beds. Of the forty species described from this locality f thirty-four 
were considered to be peculiar, and only five — Rostellaria velcUa^ R. atamineay Scxdaria 
nasstda^ Plseudoliva vetuata^ and Endopachya rapo/wwrw— common to the Claiborne 
series. None of the Vicksbur fossils were considered to be represented. From the 
nature of his collection, which was a selected one, Conrad was led to infer that a far 
greater dissimilarity existed between the Jackson and Claiborne series on the one side, 
and the Jackson and Vicksburg on the other, than the actual facts warranted. In 
addition to the Claiborne fossils already mentioned as occurring in the Jackson beds, 
Prof W. 1). Moore J mentions Cardita planicosia and Gardita rotunda; and as 
common to the Vicksburg series Cardita rotunda^ Navicula {Area) lima^ Cytherea 
aobrina^ G. imUabilis^ Macfra funerata^ Paammobia lintea, Turbinella Wilaoni^ Gyprcea 
lintea^ G. aplueroidea^ Naiica Vkkahurgenaia^ and Dentalium Miaaisalppieiiae. § 

That a much closer connection exists between the deposits of the Jackson and 
Vicksburg series than was supposed by Conrad is proved by the character of the 
fossils occurring at or near Red Bluff Station, on the Chick asawhay River, in deposits 
lying intermediate between the Jackson and the typical Vicksburg, and considered by 
Hilgard to represent a subordinate group (Red Bluif Group) of the Vicksburg series. 
Of twenty specifically identified forms, || Prof Moore enumerates ^ four, — Cardita 
planicoata^ GlaveUthea humeroaiia ?, RoateUaria velata and Flahellum Waileaii — as 
being common to the Jackson beds, and twelve to the Vicksburg — Cardita rotunda^ 
Cardiiim diveraum^ Fulgoraria Miasiaaippienaia^ Turbinella protracta^ T. perexilia^ 
Buccinum Miaaiaaippienaia^ Caaaidaria lintea^ Mitra iliaaiaaippienaiay Buaycon apiniger. 
Gonna aauridena f^ Natica aigaretina and N. Vickaburgenaia. 



* A. J. Science, new ser,, xliii, p. 30. 

t Proc. A. N. 8., 1865, pp. 257-63 ; figures in Wailes' "Agriculture and Geology of Mississ'ppi," 1854. 

X In Hilgard's Agriculture and Geology of Mississippi, 1860, p. 132. 

§ The author has not had the opportunity of verify ng these determinations, and many others referred to by 
the various State Gtologists. While accepting many of them, he feels inclined to express doubt in the case of 
others, seeing what difliculty attaches to correct identification from scanty material*^, especially in the case of 
forms very imperfectly des^cribed and figured. 

I Cardita planicosta^ C. rotunda, Pccteu nupei'us, Cardiutn dirersuWy Rostellaria velata, Fulgoraria Missis- 
iippiensis, Clatelithia humerosua, Turbinella protracta, T, perexilis, Bmycon spiniger, Buccinum Mississippiense, 
Oassid^trialinteOy Mitra Missisippienfiis, Co^ius Bauridemf, Cypraa spfuBroidetty Natiea VicksburgensiSy N, Hgaretina^ 
Trochita trochiformin, Dentalium thfilloides? and FlabeUum WaHenif 

T Loc, cit.y p. 136. 
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The following section of the bluff at Vicksburg, on the Mississippi, whence 
Conrad obtained the fossils characteristic of the Vicksburg group, described in the 
Proceedings of the Academy of Natural Sciences of Philadelphia, for October, 1847 
(and Journal of the same institution, vol. i), is given by Hilgard: 

g. Calcareous silt with snails — Bluff formation. — 10-20 feet. 



/. Bluish and yellowish hardpan, often pebbles — Orange sand. — 5-20 feet. 



e. Alternating strata, 1 to 6 feet thick, of limestone and marl, containing the Vicks- 
burg fossils^ and some bands of non-effervescent gray sand and clay. — 60-65 feet. 

d. Black lignitic clay and gray sand, with Ostrea gigantea^ Corhula alta^ Natica 
Mississippierms^ Cytherea sobrina^ Mculrepora Misaissippiensis. — 5 feet. 

c. Gray or black lignitic clays or sands, with iron pyrites ; exuding salts and sulphu- 
retted hydrogen. — 25 feet. 

6. Solid, lustrous lignite, with whitish cleavage planes. — 3 feet. 
a. White limestone of the Jackson group 1 — 3 feet. 



The white limestone a of the above section, which " is visible only at extraordinaiy 
low stages of water," appears to be of Jacksonian age, although conclusive paleonto- 
logical evidence on this point is still wanting. Stratum rf, containing Ostrea gigantea 
(= 0. Georgiana), is that which has been identified by Conrad as corresponding to 
the Georgiana bed of Shell BlufiF, on the Savannah River (" Shell Bluff Group "),♦ and 
which is erroneously stated to underlie the Jackson beds. The fossils associated with 
the large oyster in the Vicksburg Georgiana bed — Corhula alta^ Meretrix adbrina^ 
Natica Miasisnippiensis^ Natica Vichshurgen^is^ Fulgur nodulatum^ Madrepora^ etc., show 
aflSnitics alike with both the Jackson and Vicksburg faunas, and in this respect, as 
well as in stratigraphical position, would seem to point to a deposit, as has been urged 
by Hilgard, the correspondent of the *' Red Bluff" series (as restricted to the Red 
Bluff group) on the Chickasawhay. At both locaUties the position is immediately 
below the Orbitoides rock, but at Red Bluff Station, the large oyster is wanting. 

The relations of the Jackson and Vicksburg series of deposits to the geological 
scale have been discussed in the introductory portion of this paper. 

Grand Gulp Group (Miocene]). — The newest Tertiary formations of Mississippi 
are constituted by the deposits of the ''Grand Gulf Group" of Hilgard, which 
immediately succeed the Vicksburg beds to the south, and constitute the highest 
ridges in the southern portion of the State. " At their lines of contact, the Vicksburg 



♦ A. J. Science, new ser., xli, p. 96. 
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and Grand Gulf rocks consist almost throughout of lignito-gypseous laminated clays, 
passing upwards into more sandy materials ; they are not sensibly unconformable in 
place ; but while the Vicksburg rocks show at all long exposures a distinct southward 
dip of some three to five degrees, the position of the Grand Gulf strata can rarely be 
shown to be otherwise than nearly or quite horizontal on the average ; although in 
many cases faults or subsidences have caused them to dip, sometimes quite steeply, in 
almost any direction."* 

Towards the sea-coast, the lithological transition into the post-Pliocene is about 
equally well marked as the transition into the older deposits in the north. The most 
remarkable circumstance connected with the Grand Gulf deposits is the almost total 
absence of zoogene fossils, whether land, marine or fresh- water. Up to 1881 it 
appears that only one solitary fragment of such fossil, determined to' belong to 
a turtle, had been discovered ;t and even the plant remains are in most cases 
unrecognizable, although the general r^ularity of the strata, as well as their litho- 
logical character, would seem to indicate that they were laid down under most stable 
conditions, or such as would be most conducive toward animal or plant preservation. 
Whether the temporary seclusion or cutting off of the Gulf from the Atlantic, as has 
been premised by Hilgard, was a, or the primary cause in bringing about this 
anomalous condition, still remains to be proved, and it further remains to be proved 
that any such seclusion actually took place. 

lAmmana. 

The general features of the Tertiary formations of this State are very much like 
those of Mississippi, and call for no special consideration. Only three divisions of the 
series, the Jackson, Vicksburg, and Grand Gulf, are officially recognized, J but it is 
not improbable that the Claiborne enters the northwest corner. 

The exposures of the Vicksburg beds occupy a belt 10-16 miles or more § in 
width extending in a west-southwest direction from the Washita to the Sabine River. 
The distinctive fossils of the group are sufficiently abundant, and we find, as in Missis- 
sippi, a frequent association of Orbiioides Mantell% Ostrea Vtckburgtnsis^ and Ptcten 
Pouhani. North of the Vicksburg line to the Arkansas boundary the strata are largely 
of a lignitic character, and indicate distinct alternations of marine and brackish-water 
conditions. They are collectively grouped under the Jackson period (" Mansfield 
Group," in part, of Hilgard), a position seemingly indicated by the character of the 
fossil remains. The remains of Zeuglodc/n have been found at Montgomery, in Grant 
parish, and at Grandview, on the Washita, a few miles below Columbia. Of about 150 
species of invertebrate fossils collected from these deposits, it is claimed that at least nine 



* Hilgard, A. J. Science, new ser., vol. xxii, p. 58. 

f Hilgard, A. J. Science, new ser., vol. xxii, p. 59. 

} Hopkins, '* Second Annual Report of the Geological Survey of Louisiana," 1871. 

§ Stated to be 80 miles by Hilgard, A. J. Science, new. ser., vol. xlviii, p. 339, 1869. 
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• ft 

occur, that in Mississippi are found in the Vicksburg beds alone, viz. : Madrepora Missis- 
sippiensisj Orbitoides MantelU, Avicula argentea^ Terebra tantula^ T, divisuraj Meurotoma 

9 

porcellana^ Pyrula (2 species, undetermined), Phorus humiliSy and Ringicula Missis* 
sippiensis. To this is also added Ostrea Georglana. The occurrence here claimed, 
of Orbitoides ManteUi and Ostrea Oeorgiana, two forms whose horizons in Mississippi 
appear to be so trenchantly severed from the Jackson, would seem to throw some 
doubt upon the accuracy of the boundaries of the various formations as laid down. 

South of the Vicksburg line the deposits of the Grand Gulf group, destitute of 
fossil remains just as in Mississippi, extend across the State ; they are succeeded to 
the south by the deposits of what Hilgard has termed the " Port Hudson Grou o " 
(Post-Pliocene ; " Coast Pliocene " of Mississippi). 

Arkansas, 

About one-half of this State is occupied by the Tertiary formation, concerning 

whose development we are unfortunately provided with but very few reliable data. 

The various divisions have not yet been paleontologically defined, but probably the 

series includes the pre-Claibornian, the Claiborne, and the Jackson. The presence of 

the last is inferred from its position in the State of Louisiana, where, as it has been 

seen, it extends to the Arkansas boundary. Lignitic deposits occur largely throughout 

the Tertiary area, and while some of these doubtless represent the basal beds of the 

Eocene, as has been premised by Owen,*, others (of the S. E. section of the State) not 

improbably form the continuation of the Jackson lignites of Louisiana. Claiborne 

fossils — Gardita planicosta^ Cytherea (probably G. Nuttalli)^ Gorbvla oniscus^ PseudoUva 

vetusta^ TurriteUa (probably T. carinaia\ and Voluta ( V. Sayana ?) — have been 

obtained, among other localities, at " White Bluifs " on the Arkansas River (about 

latitude 34° 27'), and much the same assortment from the neighborhood of Madison, 

St Francis Co., on Crow creek. t 

Texas. 

The Tertiary formations of this State are as yet too imperfectly known to admit 

either of an absolute localization of the various boundary lines, or of an accurate 

subdivision into the minor geological groups. It may be safely assumed, however, 

from the geological conformation of the neighboring States, that all, or nearly all of the 

divisions ranging from the Eo-Lignitic to the Grand Gulf inclusive, are represented, 

and that the position occupied by these follow each other in regular succession, 

beginning with the oldest, from the interior coastward, with a general dip to the 

southeast or east. The geological notes on this region by Schott, Hall, and Conrad,^ 

and of Shumard § and Buckley || are exceedingly meagre and unsatisfactory, and give 

us barely more than a general idea as to where the Tertiary formation exists. 

* '^ Second Rept. Qeol. Recon. of the Middle and Southern Counties of Arkansas," I860. 
t Owen, op, eU,y pp. 85, 152, and 417 ; Plate IX. 
X Emory's Report^ Mexican Boundary Survey, i, 1857. 
8 First Report of Progress, QeoL and Agr. Survey of Texas, 1859. 
Firet Annual Report, 1874 ; Second Annual Report, 1876. 
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According to Dr. Loughridge, who, more than any other geologist, has closely 
investigated the outcrops of the different formations occurring throughout the State, 
the Cretaceo-Tertiary boundary line starts on the northeast from the Red River, at a 
point a few miles above Texarkana, on the Arkansas frontier, and taking a generally 
southwestern direction — passing at or near Clarksvillc (Red River Co.), Corsicana 
(Navarro Co.), Marlin (Falls Co.), Cameron (Milam Co.), Elgin (Bastrop Co.), Seguin 
(Guadeloupe Co.), and the northwest comer of Atascosa — crosses the Rio Grande at 
about the mouth of Las Moras Creek, a little south of the Pecos River, and to the 
north of Eagle Pass.* 

The westerly deflection indicated as beginning a few miles south of San Antonio, 
and extending to the Rio Grande, can scarcely be said to be definitely proved as yet, 
although Loughridge affirms f that *' the glauconitic sandstones, mentioned by Mr. 
Schott as occurring along the river [Rio Grande] from the Cretaceous rocks at the 
mouth of Las Moras Creek, north of Eagle Pass, southward to Roma, near Rio Grande 
City, are doubtless of Tertiary age." Further evidence is needed on this point, however, 
although some confirmation of the supposition is lent by the discovery of Tertiary 
fossils (Cardiia planicosta^ among others), in a locality, Arroya las Minas, situated 
between El Paso and Leon (where 1) J 

Among the common Tertiary fossils occurring in Texas Huckley identifies § Ostrea 
seller/or mis^ Peden LyeUi^ AstaHe Conradi (= young of Crassatella alta)^ Cardita 
planico^fa^ and TurriteUa carinafa ; and there can be but little doubt, as claimed by 
Buckley, that the Eocene of Bastrop, Robertson, and Leon counties, and thence along 
the eastern border of the Cretaceous, northward to Red River County, belongs, if not 
mostly, at least in considerable part "to the lower Eocene, as seen at Claiborne, 
Alabama, and in Clark County, west of Claiborne." How much of it belongs to the 
true '' Claibornian," still remains to be determined. Loughridge states that " the 
Claiborne group of white limestones and fossils has not been recognized in Texas ;" 
the word " Claiborne " probably here stands for either " Jackson " or " Vicksburg," 
although there can be little, if any, question as to the existence of both of these 
formations, if nowhere else, at any rate along the liOuisiana boundary. 



* Cotton Production Report, pp. 18, 31, 1882, foiming pait of vol. v of tlie Tenth Census Repoi ts. 

t Op, cit.j p. 21. i Conrad, in Emory's Report. § First Annual Report, p. 64. 

I The series of fossils described by Gabb in the Journal of the Academy of Natural Sciences (new ser., vol. 
iv), from Whcelock, Robertson County, and from Caldwell C'ounty, although c mpr sing many forms quite distinct 
from any hitherto found in the "Cla bomian'' of either Missi.'-sippi or Alabama, appear by tie general facies to belong 
more nearly to that gioup than to any other ; yet among the number oci ur a few forms recalling a newer horizon. 
The author has been able to identify fragments obtained from an aitesian wiU-boring in Palestine, Anderson 
County, about 50 miles southeast of the w« stem outcrop of the Eocene, and from a depth beneath the surface of 
540-010 feet (or 50-120 feet below the level of the Gulf), as belonging to Cardita plaidcoat a, Voluta JSayana^ and 
Iktriitella carinata. Cardita planicosta, or ptrrhaps rather the lorin known as C. cUnsata, associated with 
TurriteUa carinafa and other ClaibomL* fossils, have also bem detected by tie author in l.me>tone llo.-ks from 
Laredo, (m the Rio Grande, and lie has descriled, as new forms, Pleurotoma platysomay Fusus (StrepHdura) 
Maniochi and Terebra pluifera from Atascosa County. It appt ars not improbable that the Cardita planicosta 
frequently referrtd to by geologists is in rtality an alliid specic^:, C Moorei. 
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Immediately to the south of the Eocene, according to Loughridge, a belt of sand- 
stone, extending completely across the State, and probably referable to the Grand 
Gulf Group (Miocene?), makes its appearance. Beginning at the lower part of 
Sabine County, it outcrops on the Trinity River near Trinity Station, in the county of 
the same name, where it forms a bluff some 100 feet in thickness, near Chapel Hill 
and Burton in Washington County, at La Grange in Fayette, where it also forms a 
bluff 100 feet in height, and at various points in Dc Witt, Live Oak (passing near 
Oakville) and Duval counties, reaching the Rio Grande at Rio Grande City. 
Buckley also mentions the existence of '' hard siliceous limestones and sandstones," 
referable to the newer Tertiary series, in Washington and Fayette counties, which 
evidently form part of the series described by Loughridge. They are stated to be 
practically devoid of fossils, only a few specimens of a bivalve (Meretrix) having been 
found near the centre of Washington County.* The formation here referred to is 
covered all along the coast line by the* deposits of the Port Hudson Group (post- 
Pliocene) . 

» 

Tennessee. 

The Tertiary formations of Tennessee, occupying a tract some 60-75 miles in 
width in the western part of the State, consist of variously colored sands and clays, 
and lignitic deposits, from which traces of zoogene fossils are for the most part absent. 
Plant remains, on the other hand, are sufficiently abundant, clearly indicating the 
conditions under which the deposits in question were laid down. 

The following subdivisions are recognized by Satford,t although the upper and 
lower groups are but provisionally indicated : 

3. Bluff Lignite. 

2. Orange Sand, or La Grange Group. 

1. Porter's Creek Group (oldest). 

The Porter's Creek Group, with a stated development of 200 or 300 feet, is 
doubtless, as is suggested by Safford, the northern extension of the " Flatwoods " of 
Mississippi, constituting the base of Hilgard's '* Northern Lignite." Casts of shells 
occur in some of the sandy rocks, but their bad state of preservation precludes the 
possibility of their determination. The belt of surface occupied by this group is along 
the line of the Memphis and Charleston Railroad about eight miles wide, narrowing 
towards the north. The outcrop of the Orange Sand, whose thickness is assumed to 
be about 600 feet, covers a tract some 40 miles in width, the beds dipping at a slight 
angle to the west. J Vegetable remains belonging to fourteen § or more species of 



• Buckley, First Annual Report, p. 63. f **Geology of Tennessee," 1869, p. 422, et seq. % Saflford, op, cit,, p. 425. 

§ Querent crasnnei^is. Q, Saffordi, Q, layrtifoHaf, Q, Lyelli, Prunus Caroliniana, Fagus ferrugirieOf 
Elaagnus iiujequalis, Andromeda vaccinifoUa (form related to), A. dubia, Sapotaeites A/nericanuSy Salix f derm- 
nerviSf Salix Wortfieniiy Comothus Meigsit, Juglans Saffordiana. 
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plants have been described from the deposits of this group by Lesquereux, by whom 
they were considered to indicate a horizon more nearly Miocene than Eocene, but 
there can be but little doubt from the position of the beds containing them that they 
belong to the same period to which the greater part of the northern Mississippi lignite 
itself belongs — the lower Eocene. The Bluff Lignite, underlying the Quartemary 
gravels of the Mississippi Bluffs, consist in large part of a series of in terstra tilled 
sands and clays, "characterized by the presence of well-marked beds of lignite." Its 
development appears to be at least 100 feet. 



lUinoia. 

The Tertiary deposits of Arkansas and Tennessee are continued through the south- 
east and southwest extremities respectively of the States of Missouri and Kentucky 
into Illinois, where they form the head of the Mississippi embayment. The series, 
represented by variously colored sands and clays, and ferruginous conglomerates, has 
thus far been identified only in the southern part of the State (with a principal 
development in Pulaski County), but not improbably, as has been suggested by 
Worthen, marine or fluvio-marine deposits of the same age may occur considerably 
higher up the Mississippi valley. * A green marly sand, resembUng in its lithological 
characters the Cretaceous greensand of New Jersey, constitutes a marked feature of 
the formation in Pulaski County, and from it have been obtained casts of fossils 
pertaining to the genera Civcullcea and Tiirritella.'f 

A thin bed of lignite is stated to underlie the formation along the edge of the 
Ohio at Caledonia, constituting in that vicinity the lowest visible member of the 
series. 



Note a.— Since the preparation of the foregoing article, I am informed by Pi of. Suess, of Vienna, that the 
lower limestone beds of the Island of Malta, which were originally referred by Fuchs to the **Aquitanian" 
(01igocene\ and as the partial equivalents of the Sotzka beds of the Vienna basin, belong in reality to the " First 
Mediterranean." If this be the case, then the Orbitoides MarUelli beds of the island represent a newer horizon 
— slower Miocene — than they do in our own country and the West Indies. In material recently received from 
Florida I find great quantities of Orbitoides ephippium associated with the other forms. 

6.— In the "Virginias," for February, 1882, and 0.;tober, 1882, will be found detailed accounts, by Prof. W. 
M. Fontane and the late Prof. W. B. Rogers, of the 907-foot artesian boring at Fort Monroe, on the penuisula, 
about 6 miles to the east of Newport News. 

»*» In the accompanying map the Cretaceous exposures in the Tertiary area (North Carolina, South 
Carolina) have been, for convenience, omitted ; likewise the exposures of the Eocene in the Miocene tracts. 



♦ ** Geological Survey of Dlinois," i, p. 46, 1866. 

t Worthen, op. city p. 45. The forms are here considered to be specifically unidentifiable, but on p. 428, the 
TurriUlla is referred, although with doubt, to T, Mortoni, a distinctively lower Eocene fossil. 



II. 

ON THE RELATIVE AGES AND CLASSIFICATION OP THE POST-EOCENE 

TERTIARY DEPOSITS OF THE ATLANTIC SLOPE. 

It may appear surprising that for a period of nearly fifty years after the study of 
the American Tertiary formations was first systematically attempted, there should still 
have existed among geologists widely varying views, not only relative to the positions 
occupied by a considerable proportion of the deposits in question in the geological 
scale, but also relative to the positions occupied by these deposits in respect of each 
other. Yet such has been the case, and it may still be said to be the case at the 
present time. The existence of post-Eocene deposits along the Atlantic border of the 
United States has long since been recognized, and their contained fossil remains 
investigated and delineated by paleontologists of more or less ability. While the 
opinions expressed by certain geologists as to the age of at least some of these deposits 
may be said to have been substantially correct, yet in face of the conflicting views of 
other geologists of no less experience and prominence, which were set forth and 
maintained with a decisiveness unwarranted by the character of the research upon 
which they were based, it may be stated that the general outcome of our knowledge 
respecting the stratigraphy of the deposits here referred to is simply, that they hold a 
position somewhere intermediate between the Eocene and the post-Pliocene series. 

The post-Eocene Tertiary deposits have their greatest development, and have beea 
most carefully investigated in the States of Maryland, Virginia, North and South 
Carolina. . In the frequently expressed opinion of Mr. Conrad they represented over 
the entire area here indicated one geological formation, which that geologist generally 
asserted to be the Miocene, but which, at the same time, he not unfrequently con- 
sidered to be the equivalent of the British Crag, a formation now universally regarded 
as being of Pliocene age. 

No attempt appears to have been made to determine whether the deposits were 
referable to one or several faunal horizons, and the organic remains obtained from 
them were simply classified as belonging to the Miocene or " medial Tertiary " period 
The circumstance that in North Carolina the proportion of recent to extinct forms 
among the imbedded remains was greater than in either Virginia or Maryland did 
not escape the notice of the observer mentioned, but yet he did not hesitate to con- 
clude (Kerr, Geological Survey of North Carolina, Appendix, p. 25, 1875) that his 
Miocene strata represented '' one contemporaneous sea bottom, holding living indi- 
viduals of certain species throughout its entire length, and which is characterized by 

(41) 
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some of its species closely resembliDg existing ones, but many more having no affinity 
with American shells." How many of tlie fossil species were by Mr. Conrad con- 
sidered to be identical with recent forms it is impossible to determine with any amount 
of exactitude, since the opinions of that geologist bearing upon this point appear not 
to have been fixed, and to have fluctuated extensively within very brief intervals of 
time. Thus, while in 1838 (Fossils of the Medial Tertiary Formations, Introduction, 
p. xvi), it is asserted that of about 200 described species 19 (or less than 10 per cent.) 
are still among the living fauna, in 1843 (Proc. Phil. Acad. Nat. Sciences, i, p. 328), 
the number of recent forms is said to be 43 out of a total of 32S described; in 1862, 
on the other hand, referring to the South Carolina deposits, where the percentage of 
recent forms had been claimed to be greater than in either of the other three States, 
Mr. Conrad maintains that " it may be that all the species are extinct " (Proc. Acad. 
Nat. Sciences, xiv, p. 559). It is further stated {Ice. rit) that of the entire number, 
581, of Miocene shells of the Atlantic slope, the number of forms that could be con- 
sidered as doubtfully identical with recent species was not more than 30 (or about 5 
per cent.). The faunal relations existing between these so-called " medial Tertiary " 
deposits and the deposits of the British Crag and the faluns of the Loire, at that time 
supposed to be of nearly equivalent age, were likewise pointed out by Lyell (Journ. 
Geol. Society, i, p. 413, et 8€q.\ who also did not fail to notice that in North Carolina 
"the recent species bore a larger proportion than usual to the extinct" Zoc. crt.,p. 418). 
But this geologist, with his characteristic acuteness, further remarks: "As, however, 
it woidd be very rash to assume that all the Miocene deposits of the United States, 
especially in countries as far apart as Maryland and South Carolina, were of strictly 
contemporaneous origin, the fossil-faunas of each region should be carefully distin- 
guished and considered Separately" (p. 418). Of 147 species of moUusca gathered 
by Mr. Lyell himself, and which were subsequently studied with the assistance of Mr. 
Sowerby, twenty-three (or 15| per cent.) were considered to be identical with recent 
forms (p. 419). In the later editions of the "Elements of Geology" (1871, 1874) 
the deposits in question are referred to the Pliocene and Miocene, but no clearly 
defined statement is given as to which belonged to the one age, and which to the 
other. 

From a more careful examination of the South Carolina region than had previously 
been made, Mr. Tuomey Arrived at tlie conclusion (Geology of South Carolina, 1848), 
that the post-Eocene Tertiary deposits of that State belonged to the Pliocene, and not 
to the Miocene period, and that, consequently, they were not contemporaneous with 
the deposits (in Virginia) which had now been firmly recognized as typically repre- 
senting the Miocene of the eastern United States. Of about 170 species of moUusca 
contained by them, somewhat more than 80 (or nearly 50 per cent.) were considered 
to be still living along the Atlantic and Gulf coasts {op. cit, pp. 206-208). The 
Pliocene age of these deposits was maintained by Professors Tuomey and Holmes in 
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their " Pleiocene Fossils of South Carolina" (1857), where also the deposits of North 
Carolina (Miocene of Emmons, North Carolina Geological Survey 1858) are referred 
to the same period. Of 203 species of described invertebrate remains (moUusks, 
echinoderms, and corals), 85 (or 42 per cent.) were considered to have living analogues 
{pp. ctt^ Introduction, ix). The determinations of Tuomey and Holmes for both the 
South and North Carolina deposits are accepted by Dana for the several editions (1863, 
1875, 1880) of his "Manual of Geology," where the " Yorktown" period is made 
to include the post-Eocene Tertiary beds of Virginia, Maryland, New Jersey, and 
Martha's Vineyard, and the '* Sumter" period, the similar beds of North and South 
Carolina. In the " Check List of the Invertebrate Fossils of North America," prepared 
(doubtless from data furnished by Conrad) in 1864 by Mr. Meek for the Smithsonian 
Institution (Miscellaneous Collections, vii), all the non-Eocene or Oligocene Tertiary 
fossils of the eastern United States are classed as belonging to the Miocene period ; 
and finally, Prof C. H. Hitchcock, in the " Geological Map of the United States " 
(1881), accepts the Miocene determination for the age of the North and South Carolina 
deposits, as likewise for the Virginia deposits, and those of the peninsula of Maryland. 
The deposits of the Maryland east-shore, of Delaware, and the greater portion of 
those in New Jersey which lie to the east and south of the "upper marl bed," are 
embraced within the Pliocene (newer Tertiary). 

In order to facilitate the solution of the stratigraphical problem herein involved, 
the following faunal lists of the several States (Maryland, Virginia, North and South 
Carolina) have been prepared, and comparisons between them instituted. The utterly 
desultory and careless manner in which a very considerable portion of the paleon- 
tology of the region referred to has been worked up, has rendered their preparation 
a matter of great difficulty, and, indeed, if absolute accuracy is concerned, a well-nigh 
impossibility. Not only have species been referred to several distinct genera (and 
families), and catalogued under their respective generic names independently of each 
other, but in several instances the identical, specimen has been figured and redescribed 
under two or more forms ; species, again, originally described from the deposits of one 
State, have been subsequently credited (and to the exclusion of the first-named locality) 
to the deposits of another State. Defective illustrations, and in very many cases the 
absence of illustrations altogether, have still further increased the difficulties, especially 
where the described specimeps themselves are wanting, or where through unsatis- 
factory diagnoses their specific (or even generic !) identification is rendered hopeless. 
Many of the forms here included are therefore taken on faith, and many will doubtless 
have to be excluded when fresh material is gathered in the field and re-studied. Per 
contra^ many forms, seemingly doubtful, have been excluded, which may possibly have 
to be reinstated on further examination. Where it has been possible (and this has 
been the case for most of the forms) the original descriptions of the species have been 
referred to, and the localities of their occurrence there indicated have been those which 
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have been noted ; species said to occur in the deposits of several States have been 
traced back for re-descriptions, or to papers bearing specially on the paleontology of 
those States, but very little reliance being placed on general enumerations of distri- 
bution. By this means it has been hoped to render the lists as complete and free from 
error as could reasonably be made possible, and while, doubtless, various modifications 
will eventually have to be introduced, it is confidently believed by the author that they 
80 far represent the true state of matters as to permit of positive conclusions being 
drawn from them. 

The comparisons here instituted between the molluscan faunas from the deposits 
of the several States have been made separately for the lamellibranchiata and the 
gasteropoda ; and it may be stated at the outset that the results obtained from the 
independent examination of these two groups of organisms have been found singularly 
confirmative of each other. The letters following the name of a species denote that 
the form is also found in the State or States indicated by their respective characters ; 
but it must be noted in the case of the gasteropoda, that comparisons, as indicated by 
such initial characters, are made between certain States only, and, therefore, it is not 
to be concluded from the examination of a single list, that a given form there desig- 
nated is necessarily wanting in a State whose characters are not indicated in that list. 
Thus, in the South Carolina list only the North Carolina species are specially indicated, 
although several of these last, and others, are also found in the Virginia and Maryland 
deposits ; so, again, in the Virginia list, no special reference is made to the Maryland 
forms. 

Tables of the Post-Eocene Tertiary Lamellibranchiata of South Carolina 

AND North Carolina. 



South Carolina. 



Anomia ephippium, 

Placunomia plicata. 

Ostrea Virginiana, 
" Ravenelliana. 

Ghama corticosa, . 
" arcinella, . 
" congregata, 

Plicatula marginata, 

Janira hemicycla. 
" affinis. 

Pecten Mortoni, . 
" eboreus, 
" comparilis, 
" Peedeensis, 
^^ septemnarius, 

Mjtilus inflatus. 
^' incrassatus, 



. N. C. 

N. C; Va.; M. 

. N. C; Va. 

. N. C. 

. N. C; Va. 

N. C; Va,; M. 



. N. C. 

N. C; Va. 

. N. C. 

. N. C. 

Va.; M. 



Area hians == A. propatula ? 
" incile, . . 
" costata, 
** centenaria, . 
" rustica. 

" lienosa = A. Floridana, 
" scalaris, 
*' incongrua. 
pexata. 
plicatura, 
(A. i^pprocera.) 
(A. lequicostata.) 
(A. transversa.) 
Pectunculus subovatus, 

lentiformis, 
passus, 
quinquerugatus, 



u 
u 



u 



Va. 

N. C; Va.; M. 

. N. C. 

N. C; Va.; M. 

. N. C. 
. N. C; Va. 



N. C; Va.; M. 



N. C; Va.; M. 

N. C; Va.; M. 

N. C; Va. 

. N. 0. 
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. N. e. 

N. C; Ya.; M. 
N. C; M. 



Pectunculus laevis. 
" aratus, 

" tran8versii8. 

Yoldia limatula, . 
Leda acuta, .... 
Nucula proxima == N. obliqua, N. C; Ya.; M. 
Lucina contracta = L. filosa, N. C; Ya.; M. 

anodonta, . 

Pennsylvanica, . 

radians = L. Antillarura,. 

squamosa == L. pecten, 



u 
(( 

(( 
(( 
u 
it 

(( 



N. C; Ya ; M. 
. N. C. 
. N. C. 
N. C; Ya. 



cribraria, , 

divaricata, 

costata. 

crenulata, 

multilineata, 

trisulcata. 

Cardium Carolinense = C. magnum? . N. C. 
" muricatum, . . . . N. C. 
" sublineatum, . . . N. C; Ya. 



M. 
N. C; Ya., M. 

N. C; Ya.; M. 
. N. C. 



Cardita arata, 
" granulata, 
" tridentata, 
" carinata, . 
'* perplana, . 
" abbreviata, 

Astarte undulata, . 
" bella, 

Oouldia lunulata, . 

Crassatella undulata, 
" Gibbesii, 

Cyrena densata, . 

Rangia clathrodonta, 

Yenus Rileyi, 

merceDaria, 
athleta. 






N. C; Ya.; M. 
N. C; Ya.; M. 

. N. C? 

. N. C. 

. N. C. 

. N. C. 
N. C; Ya.; M. 

. N. C. 
. N. C; Ya. 
N. C; Ya.; M. 

. N. C. 
. N. C; Ya. 
. N. C; Ya. 

N. C; M. 
N. C; Ya.?; M.? 

, N. C. 



Yenus tridacnoides, . . N. C; Ya.; M. 

" permagna, .... Ya.; M.? 

Oytherea subnasuta, M. 

" reposta, . • . N. C; Ya. 

" Sayana, . . N. C; Ya.; M. 

" cribraria = C. punctulata? . N. C. 

" cancellata. 






Circe metastria, , 
Artemis intermedia, . 
Petricola pholadiformis. 
Tellina biplicata, . 
alternata, . 
lusoria, 
polita, 
Strigilla flexuosa, . 
P$ammocola Pleiocena. 
Cumingiatellinoides, . 
Amphidesma carinata, 
" equalis, • 

" orbiculata. 

". sequata, . 

Donax variabilis, . 
Standella fragilis, 
Mactra similis = M. solidissima, 
lateralis, . 
congesta, . 
Pandora trilineata, 
Panopsea reflexa, . 
Corbula cuneata, . 
'* inequale, . 
Pholadomya abrupta, . 
Solecurtus Caribseus, . 
Solen ensis, .... 
Pholas costata, 

oblongata, 
Memmingeri, 



u 



N 



(( 
(( 



N. C; Ya. 
. N. C. 

N. C; M. 

. N. C. 

N. C; Ya. 

. N. C. 

. N. C. 



Ya. 
M. 

. N. C. 

. N. C. 

. N. C? 

. N. C? 

. N. C. 

. N. C. 

N. C; Ya. 
N. C.?; Ya. 
N. C; Ya.; M. 

N. C; M. 
Ya.; M. 
N. C; Ya.; M. 

. N. C. 

N. C; M. 
C; Ya.?; M.? 

. N. C. 

. N. C. 



North Carolina. 



Anomia ephippium. 




. 


• . o. C. 


Crenella, sp. ? 










Ostrea Yirginiana, . 




. 


S. C; Ya.; M. 


Chama arclnella, 


. 


• . 


. 


S. C. 


Pecten comparilis, . 




. 


• . b. C 


" corticosa, 


• 


. . 


. 


S. C; Ya. 


" eboreus, 




. 


. S. C; Ya. 


" congregata, 


. 


. . 


. 


S. C; Ya, 


" Clintonius — 


P. Magellanicus, Ya.; M. 


" striata. 










" Peedeensis, . 




. 


. S. C. 


Area lienosa = A. 


Floridana, 


. 


. o. G. 


" Mortoni, 




. 


. • o. 0. 


" limula, . 


. 


. . 


. 


Ya. 


" Jeffersonius, 




. 


Ya.; M. 


" scalaris, . 


. 


. . 


. 


S. C, Ya. 


" Madisonius, 




. 


Ya.; M. 


" incile, 


. 


. . 


s. 


C; Ya.; M. 


" vicenarius. 








" centenaria. 


. 


. . 


s. 


C; Ya.; M. 


Plicatula marginata. 




. 


S. C; Ya.; M. 


" cselata, . 


. 


. . 


• 


. o. C 


Mytilus incrassatus, 




. 


. • b. 0. 


" idonea, . 


• 


. • 


• 


Ya.;M. 
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Area plicatura, 


S. C; Va.; M. 


" brevideema. 








Pectnncalus subovatus, . 


S. C; Ta.; M. 


" lentifonnie, 


S. C; Va.; M. 


" aratus, 


. S. 0. 


" tricenariuB. 




" paasns, 


. a. C. Va. 


" Carolinensis. 




" quinquerugatuB, . 


. S. C. 




. S. C; M. 


Yoldia limatula, . 


S. Ci Va.i M. 


Nucula proxima = N. obliqua, 


S. C; Va.; M. 


Lucina Pennsylvanica, . 


. . S.O. 


" contracta ^ L. fllosa, . 


S. C; Va.; M. 


" crenutata, . 


S. C ; Va.; M. 


" anodonta, 


S. C; Va.; M. 


" radians = L. ADtiUaram 


. S. C. 


" divaricate, . 


S. C; Va.; M. 


" miiltilineata, 


. S. C. 


" squamosa = L. pecten, 


. S.O.;Va. 


Loripes elevata. 




Mysia Americana (acclinia). 




Cardium Carolinense = G. magnum f S. G. 


" muricfttnm, 


. S. C. 


" Bublineatnm, . 


. S. C; Va. 


Glycocardia granula. 




laocardia fratema, . 


Va.; M. 


Cardita arata. 


S. C; Va; M. 


" prplana, . , . 


. S. C. 


" granulata, . 


8. C; Va.; M. 


" abbreTiata, 


. S. C. 


" tridentata, . 


. S. C. 


" carlnata, . . . 


. . S.O. 


Pleuromeris decemcoBtata. 




Astaruibella, 


. S. C. 


" clathra. 




" uDduIata, . 


S. C; Va.; M. 


" carta. 




Goiildia lunulata, . 


■ S. C; Va. 




S. C; Va.; M. 



GrassatellaGibbsii, . . . . S. G. 
" Marylandica, . . . M. 

" melina Va.; M. 

Verticordia, ap. ? 

Cyrena deneata, . . ■ , S. C; Ta. 
Rangiaclatbrodonta, . . . S. C.; Va. 
Venus mereenaria, . . S. C.; Va.?; M.? 

" tridacnoides, . . S. G,; Va.; M. 

" Rileyi, . . . . S. C.; M. 

" alveata, .... Va.; M. 

" latilirata, . . . . . Va. 

" athleta, S. C. 

Cytberea Sayana, ... 8. C.; Va.; M. 

" reposta, . . . . 8. 0.; Va. 

" cribraria = G. pimctulata? S. C, 

Ciroe metastria, . . . S. C.; Va. 

Artemis transversus := A. intermedia f S. G. 

" acetabulum, . . . Va.; M. 

Telina biplicata, . . . . S. C.; M. 

" lusoria, . . . . S. C; Va. 

" altemata, S. G. 

" potita, S. C. 

" arctata. 

Strigilla flexuosa, S. C. 

Amphidesma «quata, . . . . S. C. 
" equalis, . . . . S. C. 

Mulinia variabilia. 
Mactra congesta, . . . . S. G.; Va. 

" oblongata ;= Standella fragiliB 7 S. C. f 

" lateralis, S. C. 

" siiBilis = M. Bolidissima, . . S. C. 
Donax, sp. ? 

Pandora trilineata? . . . S. 0.; Va. 
Panopffia reflexa, ■ . . 8. C; Va.; M. 
Corbula cuneata, . . . S. C,; M. 

Pholadomya abrupta, ■ 3. G.; Va.; M. 

SoleeurtuB Oaribteus, . . . . 8. C. 

Solen ensis, S. C.; U. 

Pboias costata, . . . S. G.; Va.F; M.? 

" oblongata, S, G. 

" Memmingeri, . . . . 8. G. 



An examination of the preceding lists shows that of about 103 forms of lamelli- 
branchiate mollusks found in the South Carolina deposits no less than 74r-78 (or about 
74 per cent.) are also found in the deposits of North Carolina; these last being repre- 
sented by an almost equal number (106) of specific forms, the relative percentages of 
those common to the two States will necessarily be nearly identical. We have thus 
prima facie evidence that the deposits characterized by these remains belong very 
nearly, if not absolutely, to the same geological horizon. On the other hand, of the 
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South Carolina forms at most only 43 (or 42 per cent.) are indicated as being found 
in Virginia, and a still smaller number, 34 (or 33 per cent.), in Maryland. We have 
here, therefore, strong evidence tending to prove that the deposits of the last mentioned 
States represent a horizon different from those indicated by the deposits of South 
Carolina. Similarly, of the 106 North Carolina species, at most only 48 (or 46 per 
cent.) are common to Virginia, and 36 (or 34 per cent.) to Maryland, a result that 
strikingly confirms the conclusion that has just been drawn. 

Passing now to the^ examination of the Virginia lamqllibranchiates, we find, as is 
shown in the following table, a total of about 109 specific forms: 

Virginia, 



Anemia Ruffini. 




Lucina anodonta, 


S. C; N. C; M, 


Ostrea sculpturata. 




" contracta — L. filosa, 


S. C; N. C; M. 


** disparilis. 




" Leana (lens). 




" Virginiana, 


S.*C. ; N. C. ; M. 


" edentula. 




'^ subfalcata. 




Mysia Americana, 


. N. a 


Pecten fraternus. 




Kellia Isevis. 




" Rogers!. 




" striata. 




" bifomiis. 




Erycinella ovalis. 




" Virginianus. 




Sphaerella subvexa. 




" tricenarius. 




Chama corticosa, 


. S. C; N. C, 


" Jeffersonius, 


. N. C.;M. 


" congregata, 


. S. C; N. C. 


** dispalatus. 




Cardium Yirginianum. 




'* septemnarius, 


. S. C. ; M. 


^^ laqueatum, . 




" Clintonius — P. Magellanicus. N. C; M. 


^* sublineatum, 


. S. C; N. C. 


" eboreus, 


S. C; N. C. 


Isocardia fratema, 


N. C; M. 


" Madisonius, 


. N. C.;M. 


Cardita arata, 


S. C; N. C; M. 


" decemnarius. 




^^ granulata, 


S. C; N. C; M. 


Plicatula marginata. 


S. C. ; N. C. ; M. 


Astarte undulata, 


S. C; N. C; M. 


Perna maxillata, 


M. 


^' (Euloxa) latisulcata. 




Crenella sequilatera. 


" 


" arata. 




Area centenaria, . 


S. C; N. C; M. 


•* Coheni. 




" incile, .... 


S. C; N. C; M. 


" concentrioa. 




" idonea, .... 


. N. C; M. 


" lineolal^i. 




" protracta = A. lienosa? 


S. C.?; N. C.f 


" symmetrica. 




" scalaris, 


. S. C; N. C. 


Gouldia lunulata, 


. S. C; N. C. 


" propatula (hians) 


• • O. Kjm 


Crassatella undulata, . 


S. C; N. C; M. 


" limula, 


. N. C. 


" melina, 


N. C; M. 


" plicatura, 


S. C; N. C; M. 


Cyrena densata, 


. S. C; N. C. 


Pectunculus subovatus, 


S. C; N. C. ; M. 


Rangia clathrodonta, . 


. S. C; N. C. 


" tumulus. 




Venus capax. 




" passus, 


. S. C.;N. C. 


" ascia ? 




" lentiformis, 


S. C; N. C; M, 


^' latilirata, . 


N. C. 


Yoldia limatula, . 


S. C; N. C; M. 


" mercenaria? 


S. C; M.? 


Nucula obliqua (N. proxima), 


S. C; N. C, M. 


" permagna, 


S. C; M,? 


Lucina squamosa — L. pecten. 


, S. C; N. C. 


" alveata, 


N. C; M. 


" crenulata, 


S. C; N. C; M. 


" Riley i, . 


S. C; N. C; M. 


" divaricata, 


S. C; N. C; M. 


" tridaenoides, . 


S. C; N. C; M. 
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, S. C; N. C. 

. S. C; N. C. 
S. C; N. C; M. 



Circe metastria, 
Cytherea obovata. 
reposta, 
Sayana, 
densata. 
Yirginica. 
cortinaria. 
Artemis acetabulum, . 
Petricola centenaria, 
Tellina declivis. 
** egena. 
" lusoria, 
Abra subreflexa. 
Cumingia tellinoides, 
Mactra modicella. 

" delumbis, . . . . . M. 
" congesta, . . . S. C; N. C. 



N. C; M. 
. M. 



S. C; N. 0. 
S. C- 



(( 



Thracia transversa. 
Anatina antiqua. 

Pandora crassidens = P. trilineata. S. C; N. C. 
" arenosa = P. trilineata ? 

Mya producta, M. 

" corpulenta. 
Paramya subovata. 

Corbula inequale, . . . S. C; M, 

Pholadomya abrupta, . S. C; N. C; M. 

Panopsea reflexa, , . S. C; N. C; M. 

Solen magnodeutatus ? 

Saxicava bilineata = S. rugosa, . . M. 
Saxicava pectorosa. 
Pholas (?) rhomboidea. 

" acuminata = P. costata ? S. C? N. C? M.? 
Teredo fistula. 
Gastrochsena ligula. 
triquetra. 

Note. — Tlie following species described by H. C. Lea (Trans. Amer. Philos. Soc, ix, new 
series), based upon young shells, or upon such as barely admit of characterization, have been 
omitted from the enumeration : — Avicula multangula, Anatina tellinoides^ Cytherea elevata, G, 
spJierica^ Leda acutidens, L, carinata, Modiola spinigera, Mya rejlexa^ Nucula dolahella^ N. 
diaphana, Fanopaea dubia, Petricola compressa^ Pecten micropleura, P. tenuis, Plicatula rudiSy 
Psammobia lucinoides^ Teredo calamus. 

Of these 109 species, as has already been stated, at most only 43 (or 40 per cent.) 
are common to South Carolina, and about 48 (or 44 per cent.) to North Carolina. 
Compared with the Maryland deposits the proportion of forms common to the two 
States is found to be not very different from the proportion just indicated, or about 38 
per cent, (about 41 species).* 

From the so-called " medial Tertiary " of Maryland there have thus far been 
described about 98 species of acephalous moUusks : — 

Maryland, — Neicer Group. 



Amphidesma carinata, 
** subovata. 

Area idonea, . 
" incile, 
" centenaria, 
" improcera, 
Artemis acetabulum, 
Astarte vicina? 
" cuneiformis. 
*' perplana. 
" obruta. 
" iindulata, 
Cardita arata, 

protracta, 



S. C. 



. N. C. 

S. C; N. C. 

. N. C. 



Va. 
Va. 
Ya. 
Ya. 
Ya. 



. S. C; N. C; Ya. 
. S. C; N. C; Ya. 



(( 



Cardita grannlata, . 
Cardium laqueatum, 
Corbula cuneata^ . 
" idonea. 
" inequalis, 
Grassatella Marylandica, 

^' undulata, 

Cytherea Sayana, . 
" albaria. 
" Marylandica. 
Cytherea staminea. 
Isocardia fraterna, 
Leda acuta, 

concentrica. 



. S. C; N. C; Ya. 
. • . V a. 

. S. C; Ya. 

. . • JN . \j. 

. S. C; N. C; Ya. 
. S. C; N. C; Ya. 



. N. C; Ya. 
. S. C; N. C. 



(( 



• The Maryland deposits, m tlie comparisons thus far, have for convenience been taken to represent one 
geological horizon ; their division into two groups, and the relations of each of these groups with the deposits of 
the several other States, are specially considered further on. 
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Yoldia laevis = Y. limatula, . 
Nucula proxima = N. obliqua, 
Lepton (?) mactroides. 
Lucina anodonta, . 

** subobliqua, 

" cribraria, 

*' contracta = L. filosa, . 

" divaricata, . 
Mactra ponderosa. 

" fragosa. 

'' Bubcuneata. 

" delumbis, 
My a producta, 
Ostrea Yirginica, 
Panopsea Americana, 
reflexa, 
porrecta. 
Pecten Madisonius. 

** Jeffersonius, 



Area callipleura, 
" subrostrata, 
" MarylaDdica, 
" triquetra, 

Artemis acetabulum, 

Astarte exaltata. 
" varians. 

Cardium craticuloides. 
" leptopleura. 

Corbula idonea. 
" elevata. 

Crassatella melina, 
" turgid ula, 

Cytherea subnasuta, 

Isocardia Markoei. 

Leda liciata. 



S. C; N. C; Ya. 
S. C; N. C; Ya. 

S. C; N. C; Ya. 

S. C; N. C; Ya. 
S. C; N. C; Ya. 



. Ya. 

. Ya. 
S. C; N. C; Ya. 

S. C; N. C; Ya. 

. N. C; Ya. 

. N. C; Ya. " cuneata. 

Maryland. — Older Oroup. 



Pecten Clintonius, 

" septemnarius, 
Pectunculus subovatus, 
Petricolia centenaria, 
Plicatula marginata, 
Pholadomya abrupta, 
Pholas ovalis = P. costata? 
Saxicava rugosa, . 
Solen ensis, . 
Tellina sequistriata, 
" biplicata, . 
Yen us tetrica. 
" permagna ? 

alveata, 

inoceriformis. 

tridacnoides, 

mercenaria ? 

Rileyi, 



. N. C; Ya. 
. S. C; Ya. 
. S. C; N. 0.; Ya. 
... V a. 
. S. C; N. C; Ya. 
. S. C; N. C; Ya. 
S. C? N. C? Ya.? 

Ya. 



u 
u 
u 
i( 



• . S. C.J JN. C 

. o. Cj jS , \J. 

. S. C; Ya. 
. N. C; Ya, 

. S. C; N. C; Ya. 

S C; N. C; Ya.? 

. S. C; N. C; Ya. 



N. C; Ya. 



N. C; Ya. 



Lima papyria. 
Lucina Foremani. 

" subplana. 

" crenulata, . 
Modiola Ducatellii, 
Mytilus incurva, 
Pecten Humphreysianus. 

'* Madisonius, 
Pectunculus parilis, 

" lentiformis, 

Perna maxillata, 
Pholas costata ? (P. ovalis.) 
Panopaea porrecta, 
Tellina lenis, 

Yenus Mortoni ? (Y. cuneata?) 
alveata, 



S. C; N. 0.; Ya, 



. N. C; Ya, 

S. C; N. C; Ya. 

Ya. 
S. C; N. C; Ya. 



-(( 



N. C; Ya. 



Note.— Several species formerly credited to this State have been intentionally omitted, there 
not being sufficient evidence to prove their occurrence there. 

Of these 98 about 34 (35 per cent.) are common to South Carolina, 36 to North 
Carolina (37 per cent), and 41 to Virginia (42 per cent.). It has, however, been 
shown in a previous paper (Heilprin, Proc. Acad. Nat. Sciences, 1880, p 20 et seq.) 
that the Maryland deposits actually represent two distinct horizons — respectively 
designated (temporarily) as the "newer" and "older" groups — and, therefore, in 
order to have a proper appreciation of the value of these proportions it will be neces- 
sary to consider the two divisions in their relations to the several States separately. 

The deposits of the " newer " group, as will be seen from the preceding enumera- 
tion, contain 66 species, and those of the '* older " group, 32 species. Of the former 
about 33 (50 per cent.), and a nearly equal number, 32 (49 per cent), are common 
respectively to South and North Carolina, whereas of the latter, only 4 (13 per cent.) 
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are found in the first-named State, and 7 (22 per cent), in the second.* While the 
" newer " group shows a considerably higher percentage of forms common to both 
South and North Carolina than the deposits of the State treated as a whole, this 
percentage is still less than that which might naturally be expected to exist between 
formations (removed by about equal distances) representing an equivalent age. The 
rational inference is, therefore, that the deposits in question are not of contemporaneous 
formation. Compared with the deposits of Virginia the fauna of the " newer " group 
shows a somewhat more decided relation than to the deposits of the States just 
mentioned, for we now find the percentage of common forms increased to 66 (37 
species). But even with this figure it would be rash to insist upon an equivalency 
being proved. Nor is the relation of the " older " group to the Virginian formation 
much more pronounced than it is to the North Carolinian, but no special deductions 
from agreements or differences of percentages can be made in this instance, since the 
number of both common and restricted forms is very limited. 

The conclusions reached from the examination thus far of the lamellibranchiate 
fauna are : That the South and North Carolina formations represent one and the same 
horizon, and one distinct from the horizon or horizons indicated by the Virginia and 
Maryland formations. It now remains to be determined what support this conclusion 
receives from the study of the fossil faunas in their relation to the faunas of existing 
seas, and to ascertain through the same means what relation the various horizons bear 
toward each other. 

Species still living found fossil in the South Carolina DEPOSiTS.f 

Pandora trilineata. 



Anemia ephippiam (A. Conradi). 
? Placunomia plicata. 
Ostrea Yirginiana. 
Chama arcinella. 
Area lienosa = A. Floridana. 
" incongrua. 
! " pexata. 
Yoldia limatula (Leda Isevis). 
Leda acuta. 

Nucula proxima = N. obliqua. 
Lncina contracta = L. filosa. 
** Pennsylvanica. 
" radians == L. Antillanim. 
" squamosa (L. speciosa) = L. pecten. 
divaricata (L. Conradi). 
crenulata. 
fCardium Carolinense = C. magnum? 
? '* muricatum. 
? Cardita tridentata. 
Gouldia lunulata. 



u 
u 



(( 



(( 



Ypnus mercenaria. 
? Cytherea cribraria = C. punctulata ? 
Cjtherea cancellata (C. cingenda). 
Petricola pholadiformis. 
Tellina altemata.- 
polita. 
lusoria. 
Strigilla flexuosa. 
Gumingia tellinoides. 
Amphidesma (Abra) equalis. 

" (Semele) orbiculata. 

?Donax variabilis. 
Standella fragilis (Mactra oblongata). 
Mactra similis = Hemimactra solldissima. 

'^ lateralis. 
Solecurtus Caribfleus (Siliquaria Carolinensis). 
Solen ensis (S. directus). 
Pholas costata (P. arcuata). 

(Dactylina) oblongata (P. producta). 



u 



* These proportions strikingly corroborate the author's original assumption of two distinct horizons, based 
upon an examination of Maryland fossils alone. 

t The author desires to express his indebtedness to Mr. George W. Tryon, Jr., through whose kind assistance 
most of the comxMirisons with recent forms were made. 
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Note. — About ten other species have been considered by various authors to be equivalents of 
recent forms, but since their identification as such has been at best but very doubtful, and in most 
cases strictly erroneous, they have been omitted. Among these are : — 

LuciNA ANODONTA, at ouc time considered by Mr. Conrad to be identical with a species living 
along the Florida coast. Although very closely resembling the L, Floridana, it may, nevertheless, 
be readily distinguished from it by the greater thickness of its shell, and the greater profundity 
of the lunules. 

Cardita arata. — This species differs, as stated by Conrad (Mioc. Foss., p. 12), from the recent 
C. Floridana of the Florida coast in being proportionately longer and broader behind, and in 
having the ribs crossed by " crowded subsquamose transverse wrinkles," instead of " thick trans- 
verse tubercles." 

Cardita granulata. — According to Conrad (Mioc. Foss., p. 13) this shell "so nearly resembles 
C. borealis, a recent species of the eastern coast, that I think it will prove to be the same, when 
more specimens of the latter shall be obtained for comparison." This identification, which was 
subsequently rejected by Conrad himself, has for its support the very similar general appearance 
presented by the two shells in question, but closer examination shows the G, granulata to be 
almost invariably a considerably more elevated (less rotund) form than the (7. borealis, 

Artemis intermedia. — Not readily confoundable with either the A. concentrica (Bom) or 
A. Floridana (Conr.). 

Cytheria Sayana. — More produced (less rounded) than the recent C. convexa, 

Ranqia glathrodonta. — More elongated than the recent B. cyrenoides. 

Admitting both the positive and somewhat doubtful forms from the above list to 
be recent, then we have as a proportion to extinct forms 40 to 103, or 39 per cent.; 
or if the six doubtful ones are omitted, 34 to 103, or 33 per cent. 

The following recent species may be considered to occur in the North Carolina 
deposits : — 

Anomia ephippium. | Lueina divaricata (L. Conradi). 



Ostrea Yirginiana. 

Pecten Clintonius = P. Magellanicus. 
Area lienosa = A. Floridana. 
Leda acuta. 

Yoldia limatula (Leda laevis). 
Nucula proxima = N. obliqua. 
Chama arcinella. 
? Cardita tridentata. 

Oouldia lunulata. 
fCardium Carolinense = C. magnum ? 

** muricatum. 
Lueina Pennsylvanica. 

•' contracta = L. filosa. 

*' crenulata. 

" radians = L. Antillarum. 



" squamosa (L. speciosa) = pecten. 
Venus mercenarla. 
? Cytherea cribraria = C. punctulata ? 
Tellina lusoria. 
'^ altemata. 
" polita. 
Strigilla fiexuosa. 

Mactra oblongata = Standella fragilis. 
" lateralis. 

^*' similis = Hemimactra solidissima. 
Solen ensis. 

Solecurtus Caribseus (Siliquaria Carolinensis). 
Pholas costata (P. arcuata). 
" (Dactylina) oblongata. 
? Pandora trilineata. 



, / 



Of the above 32, which constitute 30 per cent, of the lamellibranchiate faima of 
the State, all, with only one exception — Pecten Glintoniua {Magellanicus) — also occur 
in the South Carolina deposits. Although the percentage of recent forms in the 
8 
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North Carolina formations is thus shown to be considerably lower than in South 
Carolina, yet in view of the very strong correspondence— one might, indeed, say 
identity-— existing between the two faunas generally, this variation can scarcely be 
taken to affect the conclusion already arrived at as to the contemporaneity of the two 
formations. 

In Virginia (of 1 09 forms) the number of recent species, including several doubtful 
ones, in reduced to 16, as exhibited in the accompanying enumeration : — 



Ostrea Yirginiana. 

Pecten Clintonius = P. Magellanious. 
? Area protractra = A. lienosa {et A. Floridana) ? 
Toldia liroatula. 
Nucula obliqua = N. proxima. 
Oouldia luDulata. 

Lucina sqaamosa (L. speciosa) = L. pecten. 
crenulata. 



(( 



Lucina divaricata. 

^' contracta = L. filosa. 
f Venus mercenaria. 

Tellina lusoria. 

Cumingia tellinoides. 

Pandora crassidens = P. trilineata. 

Saxicava bilineata = S. rugosa. 
fPholas acuminata = P. costata? 



The percentage (16) is here, therefore, brought down considerably lower than in 
either of the preceding States, a circumstance not only strikingly confirming the 
assumption of non-contemporaneity (as has already been drawn from comparisons 
made between the different faunas themselves) in the deposits in question, but equally 
proving that the Virginia deposits are anterior (older) in date to those of both South 
and North Carohna. 

The number of recent species occurring in the Maryland deposits taken as a whole 
(i. c, as embracing both the ''newer" and "older" groups, and comprising, con- 
sequently, 98 specific forms of acephalous moUusks) is somewhat less than in Virginia, 
namely (including two or three doubtful forms), 13: 



Leda acuta. 

Toldia llmatnla (Leda Isevis). 
Nucula proxima = N. obliqua. 
Lucina crenulata. 

'* contracta = L. filosa. 

" divaricata. 
Ostrea Yirginiana. 



Pecten Clintonius = P. Magellanicus. 

Panopaea Americana.'*' 
f Yenus mercenaria. 

Solen ensis. 

Saxicava rugosa (S. bilineata). 
? Pholas ovalis = P. costata ? 



* I have here proviBionslly included the PamopcBa Americana among the recent forms, although I am some- 
what doubtful as to its right to a place there. The shell certainly very greatly resembles that of the recent P. 
Aldrovandi from the Mediterranean, from which, in fact, it appears to differ only in the form of the posterior 
truncature, which in the recent species carries up the hinge line to a higher level than in the fossil. While the 
form of the American shell is very constant, that of the European is stated to be very varying, and therefore the 
distinction pointed out may on a closer examination between specimens be found to have no specific value. By 
Searles Wood (** Monograph of the Crag Mollusca," ii, p. 288, Palseontogr. Soc. Reports) the P. Americana (and 
P. reflexa) is considered identical with the P. Favjani (more properly P. Menardi), a common European fossil, 
and one which had frequently been confounded with the recent P. Aldrovandi; but the American species appears 
to be at least as much related, if not more so, to the living form. The P. reflexa is stated by Mayer (Oai^Uogus 
Byetemaiique dee Foee, dee Terr, Tert, ii, pp. 25 and 42) to be living on the coast of New Zealand, and to be 
identical with the P. Salandri of Gray ; the angulation on the posterior slope of the latter, however, readily 
distinguishes the two. 
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Of this number 12 are found in the deposits of the "newer" group, and con- 
sequently constitute about 18 per cent, of its lamellibranch fauna; on the other hand, 
at most only 2 occur in the deposits of the " older " group. We have here, therefore, 
not only a further corroboration of the existence in the State of two distinct horizons, 
but what might almost be considered positive proof that the upper Maryland formation 
(" newer " group), occupies a horizon very nearly identical with th$tt of the (or the 
great bulk of the) Virginia formation, and one considerably lower than that indicated 
by the South and North Carolina deposits, despite the circumstance that the general 
relations existing between the respective faunas in the two cases are not very 
different. 

The following statement summarizes the results obtained from the examination 
of the lamellibranch faima : — 

Of about 103 South Carolina species — 

74-78 are found in North Carolina = 74 per cent. 
43 are found in Virginia = 42 per cent. 
. 34 are found in Maryland = 33 per cent. 
34-40 are recent = 33-39 per cent. 

Of about 106 North Carolina species— 

74-78 are found in South Carolina = 74 per cent. 
48 are found in Virginia = 46 per cent. 
36 are found in Maryland = 34 per cent. 
82 are recent = 30 per cent. 

Of about 109 Virginia species — 

43 are foimd in South Carolina = 40 per cent 
48 are found in North Carolina = 44 per cent. 
41 are found in Maryland = 38 per cent 
16 are recent = 15 per cent. 

Of about 98 Maryland species — 

34 are foimd in South Carolina = 35 per cent. 

36 are found in North Carolina = 37 per cent 
41 are found in Virginia = 42 per cent 

13 are recent =13 per cent 

Of about 66 Maryland " Newer " group species — 

33 are found in South Carolina =: 50 per cent 
32 are found in North Carolina = 49 per cent 

37 are found in Virginia =: 56 per cent. 
12 are recent = 18 per cent 
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Of about 32 Maryland " Older " group species — 

4 are found in South Carolina =13 per cent. 

7 are found in North Carolina = 22 per cent. 

8 are found in Virginia = 25 per cent. 
2 are recent == 7 per cent. 

The examination of the gasteropod faunas of the several States, as will be seen 
from the summary further on, very strongly confirms the results that have been obtained 
from the investigation of the acephalous moUusks. 

The following enumeration exhibits the species that have been described from the 
deposits of South and North CaroUna. 



South Carolina. 






Cancellaria reticulata, . 
** depressa. 

" venusta. 

Conus adversarius, 

" diluvianus, . 
Crucibulum multilineatum, 
*' costatum, 

ramosum, . 
dumosum, . 
Cyprcea Carolinensis, . 
Orepidula fornicata, 

" spinosa = C. acaleata, 
" plana = C. ungulformis, 
" eostata. 

Golumbella avara. 

Dentalium attenuatum = D. dentale, 
" Pliocenum. 

" thaUus, .... 

Dolium galea. 
Ecphora quadricostata, . 
Fasciolaria distans = F. tulipa, 
" (?) gigantea. 

" Tuomeyi. 

Fulgur earica, .... 
" perversus, .... 
'' canaliculatus, 
" Conradi (incile). 
" Carolinensis (F. excavatus), 
" pyrum (F. spiratus), . 
Ficus reticulatus, .... 

Fusus exilis, 

Fissurella redimieula, . 
Ghileodia Hodgei, .... 
Hlpponyx Bullii. 
Infundibulum centralis, . 
Littorina irrorata. 
Marginella limatula, 



. N. C. 



N. C. 

N. C. 
N. C. 
N. C. 
N. C. 
N. C. 
N. C. 
N. C. 
K C. 
N. C. 



N. C. 



N. C. 



N. C. 
N. C. 



N. C. 

N. C. 
N. C. 

N. C. 
N. C. 

N. C. 



N. C. 
N. C. 
N. C. 



« 



(( 



if 



t( 



t( 



t( 



. N. C. 



. N. C. I 



Marginella oliviformis, 
Mitra Carolinensis, 
Monodonta Kiawahensis. 
Murex umbrifer, 
Natica heros, . 

duplicata, . 
canrena, 
Caroliniana. 
Nassa vibex, . 
trivittata, 
obsoleta, 
(?) lunata. 
Obeliscus arenosus, 
Oliva literata, 
Pleurotoma lunata, 
Ptychosalpinx porcinum, 

'^ multirugatum, 

Purpura tridentata. 
Petaloconchus sculpturatus, . 
Ranella caudata, 
Scalaria multistriata, 

^^ clathra = S. angulata. 
Solarium perspectivum. 
Terebra Carolinensis, 

^^ unilineata, 
Trivia pediculus, . 
Turritella striata, 
exaltata. 
Burdenii, 
Etiwaensis, 
Trochus philantropus, . 
armillatus. 
gemma. 
Urosalpinx cinerea. 
Yoluta mutabilis, . 
" Trenholmii, 
Yermetus angaina. 



(( 



(( 



(( 



(( 



(( 



N. C. 
N. C. 



N. C. 

N. C. 



N. C. 



N. C, 



N. 0. 



N. 0. 
N. C. 



N. C. 

N. C. 
N. C. 
N. C. 

N. C. 

N. C. 
N. C. 
N. 0. 
N. C. 

N. C. 
N. C. 
N. 0. 



N. C. 
N. C. 
N. C. 



N. C. 
N.O. 
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North Carolina. 



Cancellaria Carolinensis = C. reticulata, 


S. C. 


Murex umbrifer, . . . . 


• o. C 


Csecum annulatum. 




*' globosa. 




Gerithium monillferum. 




Natica heros, 


. S. C 


" (Cerithiopsis) annulatum. 




" duplicata, . . . . 


. S. C 


^^ bicostatum. 




*' canrena, . . . . 


. S. C 


Chemnitzia subnlata. 




" fragilis, 




Gonus adversarius, 


S. C. 


" percallosa. 




" diluvianus, 


S. C. 


*^ Emmonsii. 




Crucibulum multllineatum, . 


S. C. 


Nassa vibex, 


> . S. C. 


" costatum, .... 


S. C. 


" trivittata, . . . , 


> . s. c* 


" ramosum, .... 


s. c. 


" obsoleta, 


o. C 


" dumosum, . . *. . 


s. c. 


" (Tritia) multilineatum. 


^ 


Cyprsea Carolinensis, .... 


s. c. 


" " moniliformis. 


/ 


Crepidula fornicata, .... 


s. c. 


" " bidentata. 




" spinosa — C. aculeata, . 


s. c. 


Obeliscus arenosus. 


. s. c. 


" ' plana (C. unguiformis), . 


s. c. 


Oliva literata, .... 


s. c 


Carinorbis (Delphinula) quadricostata. 




" ancillariaeformis. 




Dentalium attenuatum — D. dentale, 


s.c. 


^^ canaliculata. 




" thallus, 


s. c. 


Pleurotoma lunata. 


. s. c. 


Dolium octocostatus. 




'^ limatula. 




Ecphora quadricostata, .... 


s.c. 


^' communis. 


4> 


Eulima (?) laevigata. 




" elegans. 




Erato Isevis ? 




" tuberculata. 




Fasciolaria distans — F. tulipa, 


s.c. 


'^ flexuosa. 




*' elegans. 




Ptyohosalpinx porcinum. 


s. c 


" Sparrowi. 




'' multirugatum^ 


. s. c. 


" altemata. 




Petaloconchus sculpturatus, . 


o. C 


" nodulosa. 




Pyramidella reticulata. 




" acuta. 




Ranella caudata. 


. s. a 


Fulgur carica, 


s.c. 


Scalaria multistriata. 


. s. c. 


" contrarius — P. perversus, . 


s.c. 


" clathra, . . . . 


. s. c. 


" canaliculatus (f F.rugosus), 


S.C. 


" curta. 




" Carolinensis = F. excavatus. 


s.c. 


Terebra Carolinensis, 


. s. c. 


" pyrum = F. spiratus. 


s.c. 


" unilineata, . 


. s. c. 


Ficus reticulatus, 


s. c. 


*' neglecta. 




FusuB exilis, 


s. c. 


Tomatina cylindra. 




" equalis. 




Trivia pediculus, . . . 


• • o. C« 


'^ lamellosus. 




Turritella Burdenii, 


. s. c 


" moniliformis. 




" Etiwaensis, . 


. s. c. 


Fissurella redimicula, .... 


s.c. 


" constricta. 




Galeodia Hodgei, 


s. c. 


Turbonilla reticulata. 




Infimdibulum centralis, .... 


S.C. 


Trochus philanthropus, . 


. s. c. 


Littorina lineata. 




Yoluta mutabilis, . 


. s. c. 


Marginella limatula, .... 


s. c. 


" Trenholmii, 


. . s. c. 


" oliviformis, .... 


s. c. 


" obtusa. 


. 


" constricta. 




Helix tridentata. 




" ovata. 




" labyrinthica. 




^' inflexa. 




Planorbis bicarinatus. 




" elevata. 




Paludina subglobosa. 





Mitra Carolinensis, . 



S. C. 
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A comparison of the two preceding tables shows, that of the 74 South CaroUna 
forms no less than 52 (or 70 per cent) are common to the deposits of North Carolina,' 
a proportion very nearly identical with that which obtains in the case of the acephalous 
mollusks (74 per cent.). This very' close agreement leaves but little, if any, room for 
doubt as to the contemporaneity of the formations of the two States. In North 
Carolina the number of specific forms described is considerably in excess of that from 
the former State, and consequently, as must almost necessarily follow, the percentage 
of common forms is here very materially reduced. Thus of 100 species — 4 of which 
are non-marine — only 52, as above stated, also occur in South Carolina, or just 62 per 
cent. It is but fair to presume, however, that were the number of species described 
from South Carolina equal to that from North Carolina, the proportion of forms common 
to the two States, while it would not probably differ very materially from what we 
now find it in the former State, would be considerably raised for the latter. On the 
other hand, just the reverse result presents itself when a comparison is made with the 
Virginia fauna, which comprises a far greater number of species than is to be found 
in any other State : 

Virginia. 



a 
u 






Amjcla reticulata. 

Actnon (?) milium. 

Adeorbis (Delpbinula) costulata. 

concava (A. lipara). 
obliqu^strlata. 
Anguinella Yirginiana. 
Bela Dsedalia. 
Buccinum Tuomeyi. 

'' frumentum. 
Crepidula costata, 

fomicata, 

spinosa, . , 

ponderosa. 

comucopise. 

cjmbiformis. 
Crucibulum costatum, 



u 
u 



• S. C 
S. C; N. C. 
S. 0.; N. C. 



S. G.; N. C. 



(Calyptrea pileolus). 



f4 



ramosum, 



S. C; N. C. 



grande. 
Cemoria oblonga. 
Capulus lugubris. 
Oancellaria perspectiva. 
^* plagiostoma* 

Qerithium clavulus. 
" curtnm. 
Cerithiopsis annulatum, 
Chiton transenna. 
Oylichna oylindrica. 
Yirginiana. 



N. C. 



N. C. 



(( 



Chemnitzia (Pasithea) subula, . 
" " exarata. 

" " ebumea. 

Dentalium thallus, . • . S. C; N. G. 
" attenuatum = D. dentale, S. G.; N. G. 

Delpbinula trocbiformis. 

" (Garinorbis) arenosa. 

" lyra, 
Eepbora quadricostata, . • S. G.; N. G. 
Eulima (Pasitbea) Isevigata, . . N. G. 
" eborea. 
'^ migrans. 
Eulimella (Pasithea) ovnlum (E. diaphana). 
Fasciolaria parvula. 

^^ rbomboidea=F. distans. S. G.;N. G. 

Fissurella redimieula, . . S. G.; N. G. 

" eatilliformis. 
Fulgur earica, .... 
*^ canaliculatus, . • 

*' incile (Gonradi), 
" tritonis. 
'' filosus. 
" carinatus. 
'* maximus. 
Fusus (Neptunea) exilis, . 
'' Btrumosus. 
" (Neptunea) trossula. 
Marginella limatula, . 
*< perpusilla. 



S. C.; N, G. 

S. G.; N. G. 

S. G. 



S. G.; N. G. 
S. G.; N. G. 
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Harginella conulus. 
*• exilis. 
" eburneola. 
Mangelia Yirginiana. 
Menestho Hmnea. 
Melampus (f) longidens. 
Nasaa trivittata, 
impressa. 
(Tritia) altiliB. 
bilix. 



S. C; N. C. 






i( 



u 



u 
<( 
(t 
(( 



S. C; N. C. 
S. C; N. C. 

N. C. 

N. C. 



it 

a 



. N. C. 

. N. C. 

S. C; N. 0. 



laqueata. 
Natica duplicata, 

heros, . • . 
aperta (N. fragilis ?), 
sphaerula (N. percallosa f;, 
perspectiva. 
Niso lineata. 
Oliva canaliculata, 

ancillariseformis, 
Carolinensis = 0. literata, 
eborea. 
Obeliscus arenosus (Pyramidella suturalis). 

S. C; N. C. 
Odostomia (Actaeon) granulatas. 

globosus. 
tiirbinatus. 
angulatus. 
glans. 
sculptus. 
nitens. 
Patella acinaces. 
Petaloconchus sculptaratus, 
Pleurotoma lanata, 

pyrenoides. 
(Drillia) multisecta. 
*' arata. 



it 
tf 
if 
ft 
It 
t( 



(0 

if 

ii 
It 
it 

ft 



S. C; N. C. 
S. C; N. C. 



ft 



it 
it 
ft 
it 
it 
ii 
it 
ii 



bella. 
distans. 
dissimilis. 
ebumea. 
impressa. 
(Surcula) engonata. 



tf 

u 
u 
ft 



tt 
n 
it 
tt 
tt 



Pleurotoma (Surcula) nodulifera. 
" " tricenaria. 

" " Yirglniana. 

Pyramidella elaborata. 
Ptychosalpinx porcinum, . 
Rotella nana. 
^* subconica. 
'* carinata. 
" lenticularis. 
'' umbilicata. 
Sealaria clathra = S. angulata. 
acicula. 
micropleura. 

microstoma (S. comigeraf). 
pachypleura. 
procera. 
Solarium nupera. 
Trochus philanthropus, 
armillus. 
conus. 
lens. 

torquatus. 
Ruffinii. 
bellus. 
labrosus. 
MitchellL 
Turbo rusticus. 

'' (Monilca) caperata. 
Trophon tetricus. 
Turritella variabilis. 
*^ indenta. 
plebeia. 
alticosta. 
flexionalis. 
terstriata. 
bipertita. 

Trochita (Infundibulum) concentrica. 
Triforis (Cerithium) monilifera. 
Urosalpinx cinerea, 
Yermetus convolutus. 



S. C.;N. C. 



S. C; N. C. 



S. C; N. C. 



it 
ii 
ii 
ft 
it 

n 
it 
u 



ii 

u 

ii 

((. 

it 



Yoluta mutabilis, 
Yivipara (Turbo) glaber. 



S. C; N. 0- 



Note. — Several species described by H. C. Lea (Amer. Philos. Trans., new ser., voL iz), 
considered to have been founded on insufficiently determined characters, or on the immature forms 
of previously described species, have been intentionally omitted. 

We find that of the 141 species here enumerated only about 26 are found in the 
deposits of South Carolina, which would give to that State a comparatively low per- 
centage of common forms (35), and one considerably less than that (42) which was found 
to exist when the acephalous mollusks were taken as the basis of comparison. Nor is 
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the number of Virginia forms (31) occurring in North Carolina much more numerous, 
and here, likewise the percentage (31) is markedly lower than was found to be the 
case (46) in the first method of comparison. Taking these various facts together they 
are abundantly conclusive as to the correctness of the inference dra^^Ti from the 
testimony of the lamellibranchs, that the Virginia deposits represent a horizon diflferent 
from that indicated by the South and North Carolina formations. 

From the Maryland deposits taken as a whole, i. e., as comprising both the 
" newer " and " older *' groups, there have thus far been described about 105 species 
of gasteropodous moUusks ; of these, as will be seen from the following table, about 21 
(20 per cent.) also occur in South CaroUna, and 26 (or 25 per cent.) in Virginia. 
While the proportion of forms common to the two States is thus shown to be very 
limited in either case, and decidedly less than was found to exist among the lamelli- 
branchs, there is yet (as was also indicated in the lamellibranch comparisons) a slight 
advantage in favor of Virginia. 

Maryland. — Newer Qroup. 



Actseon ovoides. 

'^ melanoides. 
Bulla (?) acuminata. 
Cancellaria corbula. 
'^ lunata. 

'^ altemata. 

Cassis (Semicassis) cselata. 
Crucibulum grande, 
" tubiferum. 

" costatum, . 

Conus dilavianus, . 
" Maryland icus. 
Columbella communis. 

" avara, . 

Dentalium thalloides. 

'^ attenuatum = D. dentale. 

S. C, N. C; Va. 
Ecphora qaadricostata, . S. C; N. C; Va. 

Fusus (Neptunea) parilis. 
" *' errans (rusticus). 

" sulcosus. 



Va. 

S. C; N. C; Va. 
S. C; N. C. 



. o. G. 






** struroosus, . . 
Fissurella alticosta. 
^* nassula. 

" redimicula, 

Fulgur rugosus ? 
" coronatus. 
** canaliculatus, 
" tuberculatus. 
" carica, 
" fusiform is. 



. Va. 

S. C; N. C; Va. 

S. C; N. C; Va. 
S. C; N. C; Va. 



u 
u 
u 



s. 
s. 

s. 



Fulgur alveatus ? 
Ficus ? (Pyrula) sulcosa. 
Marginella denticulata. 
Melanopsis (Bulliopsis) ovata. 
Integra, 
Marjlandica. 
Natica interna. 
" duplicata, 
" heros, . 
" fragilis, 
Nassa trivittata, 
" obsoleta, 
." lunata, 
quad rata, 
praerupta. 
porcinum, 
arata. 

Pleurotoma bicatenaria. 
^* limatula, 

communis, . 
parva. 
rotifera. 
gracilis, 
dissimilis, 
Ranella centrosa = R. caudata ? 
Scalaria clatbra = S. angulata. S. 

'^ expansa. 
Terebra simplex. 
" curvilineata. 
" loxonema. 
Trochus humilis. 



Va.? 



C; N. C, Va. 

C; N. C; Va. 

. K C; Va. 

C; N. C; Va. 

S. C; N. C. 

. S. C. 



. S. C; Va. 



u 
(( 
u 
i( 



. N. C. 
. N. C. 



. Va. 

S. C? N. C? 
C; N. C; Va, 
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Trochus reclusus. 

" Bryanii. 
Turbo (Monilea) distans. 
" " eborca. 

Turritella plebeia, . 

" variabilis, 

^^ laqueata. 

" solitaria. 



alticosta, 



Va. 
Ya. 



Va. 






Turritella octonaria. 
Turbinellft demissa. 
Turbonilla perlaq^ueata. 
Trophon tetricu8, . 
Typhis acttticostata. 
Urosalpinx cinerea, 
Yoluta mutabilis, . 
solitaria. 



Va. 



(( 



. S. C; Va. 

S. C; N. C; Va. 



Maryland — Oldei' Oroup^ 



Buccinum ? protractum. 

" lienosum. 

Bulla subspissa. 
Cancellaria biplicifera. 

" engonata. 

Crucibulum ramosum, 

" constrictum. 

Dental! um thalloides. 
Fissurella Maryiandioa. 
Fusus migrans. 

" (Neptunea) devexus. 
Marginella perexigua. 
Niso lineata, 



S. C.;N. C; Va, 



PleurQtoma Marylandica. 
" bellacrenata. 



u 



Va. 



rugata. 

Scalaria pachy pleura, «... Va. 
Solarium trilineatum. 
Sigaretus fragilis. 

Trochita (Infundibulum) perarmata. 
Turritella indenta, Va. 

" exaltata, * ^ , * • S. C 

" perlaqueata. 
Trochus peralveatus. 
Valvula iota. 
Voluta mutabilis, 
solitaria. 



S. C. ; N. C. ; Va. 



a 



Taking each of the two Maryland divisions already referred to by itself^ we find 
that of the 21 forms occurring also in South Carolina, 19 belong to the deposits of the 
*• newer" group, which comprise in all about 78 species; the percentage of forms 
common to the two formations — 25 — is thus considerably above that which was found 
to obtain when the State formation was considered as a whole. And the same 
increased percentage is determined when the Virginia forms are considered. Of the 
26 indicated in the preceding enumeration, 22 belong to the "newer" group, of 
whose fauna they consequently constitute 28 per cent. The 27 species belonging to 
the " older " group have only 3 (or 10 per cent.) common with South Carolina, and 5 
(or 18 per cent.) common with Virginia. In comparing the gasteropod faunas of the 
two Maryland divisions with each other, we find that there are only three species 
whose range embraces the deposits of both series. From the preceding data it will 
be seen that very strong confirmation is lent to the conclusions derived from the 
examination of the lamellibranch fauna as to the non-contemporaneity of the South 
Ca»^olina {et conseq.^ North Carolina) deposits with those of Virginia and Maryland, 
and to the existence of two well-marked faunal horizons in the last-named State. No 
conclusive evidence is, however, afforded relative to the position which the Virginia 
and Maryland deposits hold in respect of each other ; for the determination of this 
9 
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point, as well as for the determination of the several horizons, testimony must again 
be sought in the relations which the extinct faunas bear to the fauna of existing seas. 

Species still living foimd in the South Carolina deposits : 



a 



u 



Dentalium attenuatum = D. dentale. 
Crepidiila fornicata. 

spinosa := C. aculeata. 
plana = C. unguiformis. 
Natica heros (N. catenoides). 
du plica ta. 

canrena (N. plicatella). 
Littorina irrorata (L. Carolinensis). 
? Solarium perspectivum. 
Scalaria multistriata. 

" clathrus ::= S. angulata. 
Obeliscus arenosiis. 
Trivia pediculus. 



u 



(( 



Nassa vibex. 
*' trivittata. 
" obsoleta. 
Dolium galea. 
Columbella avara. 
Oliva litcrata (0. Carolinensis). 
Ranella (Bursa) caudata. 
Cancellaria reticulata (C. Carolinensis). 
Fulgur carica. 

" perversum (F. adversarium). 

" canaliculatum (F. canalifenim'^. 

" pyrum. 
Urosalpinx einerea (Peristernia filicata). 
Fasciolaria distans (F. rhomboidea) = F. tulipa. 



Note. — Three or four additional species, for several reasons here omitted, may on further 
examination be found to be identical with recent forms. 

Thus, out of a total number of 74 species about 27 are still found living at the 
present day ; the percentage of recent to extinct species— 37 — is therefore not very 
different from that which was found to obtain among the acephalous mollusks. 

The following recent species may be considered to occur in North Carolina : 



u 



u 



Dentalium attenuatum = D. dentale. 
Crepidula fornicata. 

spinosa = C. aculeata. 
plana = C. unguiformis. 
Natica heros ( N. catenoides). 

" duplicata. 

" canrena (N. plicatella). 
Scalaria multistriata. 

" clathrus = S. angulata. 
Obeliscus arenosus. 
Trivia pediculus. 



Nassa vibex. 

" trivittata. 

'' obsoleta. 
Oliva literata (O. Carolinensis). 
Ranella (Bursa) caudata. 
Cancellaria reticulata (C. Carolinensis), 
Fulgur carica. 

*' perversum (F. contrarium). 

" canaliculatum. 

" pyrum (F. spirata). 
Fasciolaria distans = F. tulipa. 



All of the above 22 species, which constitute 22 per cent, of the gasteropod fauna 
of the State, are found also in South Carolina. We have here, just as in the case of 
the lamellibranch fauna, a decided decrease when compared with the last-mentioned 
State in the proportion of living forms, but yet, as before, the very well marked 
correspondence or identity existing generally between the two faunas would preclude 
the supposition of the representation by them of two distinct horizons. 
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In Virginia and Maryland the number of recent species is considerably less than 
in either South or North CaroUna, and the proportion these bear to extinct forms is 
also very materially reduced. Thus of about 141 Virginia species only 12 (or 9| per 
cent.) can be considered as being identical with Uving forms, namely : 



Dentalium attenuatum = D. dentale. 

Crepidula fornicata. 

" splnosa = C. aculeatil. 

Natica dupiicata. 

" heros (N. catenoides). 
Fulgur carica. 



Fulgur canaliculata. 

Oliva Carolinensis = 0. literata. 

Scalaria clathra = S. angulata. 

Nassa trivittata. 

Obeliscus arenosus (Pyramidella suturalis). 

Urosalpinx cioerea. 



The number of recent species occurring in the Maryland deposits is about equal 
to that from Virginia; but here, owing to the limited extent of the fauna, the 
proportion to extinct forms is considerably increased. It is a significant fact that all 
the recent species belong to the " newer ** group, and none to the " older.'* They are 
as follows : 



Colurobella avara. 
Fulguf carica. 

'* canaliculata. 
Urosalpinx cinerea. 
Dentalium attenuatum = D. dentale. 
Nassa trivittata. 



Nassa obsoleta. 
Natica dupiicata. 

" heros (N. catenoides). 
Scalaria clathra = S. angulata. 
? Ranella centrosa = R. (Bursa) caudata 1 



The percentage of recent forms is here, therefore, brought up to fourteen, or very 
nearly that (15) which obtains among the Virginia lamelUbranchs, and four per cent, 
below that which was found to characterize the lamellibranch fauna for the same 
group of deposits. 

Summing up the results obtained from the examination of the gasteropod fauna, 
we find that — 



Of about 74 South Carolina species- 



52 are found in North CaroUna = 70 per cent. 

26 are found in Virginia = 35 per cent. 

21 are found in Maryland = 29 per cent. 

27 are recent = 37 per cent. 

Of about 100 North Carolina species — 

52 are found in South CaroUna = 52 per cent. 
31 are found in Virginia = 31 per cent. 
18 are found in Maryland = 18 per cent. 

22 are recent = 22 per cent. 
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Of about 141 Virginia species — ' 

26 are found in South Carolina =19 per cent. 
31 are found in North Carolina = 22 per cent. 
26 are found in Maryland =19 per cent. 
12 are recent = 8^ per cent. 

Ot about 105 Maryland species — 

21 are found in South Carolina = 20 per cent. 

18 are found in North Carolina = 17 per cent. 
26 are found in Virginia =: 25 per cent 

1 1 are recent =11 per cent. 

Of about 78 Maryland " Newer '' group species — 

19 are found in South Carolina = 25 per cent. 
17 are found in North Carolina == 22 per cent 

22 are found in Virginia = 28 per cent. 
11 are recent = 14 per cent. 

Of about 27 Maryland " Older " group species — 

3 are found in South Carolina =10 per cent. 
2 are found in North Carolina = 8 per cent. 
5 are found in Virginia =^19 per cent 
recent. 

It will be readily perceived from the preceding summarized statement that the 
general results obtained from the examination of the gasteropod faunas abundantly 
confirm the conclusions drawn from the study of the acephalous mollusks. Com- 
bining the results obtained from the two methods of comparison, we find that: 

Of about 177 South Carolina moUusca — 

128 are found in North Carolina = 72 per cent. 
69 are found in Virginia = 39 per cent. 
55 are found in Maryland = 31 per cent. 
61-67 are recent = 35-38 per cent. 

Of about 206 North Carolina mollusca — 

128 are found in South Carolina = 62 per cent. 
79 are found in Virginia = 38 per cent. 
54 are found in Maryland =: 26 per cent. 
54 are recent = 26 per cent. 

Of about 250 Virginia mollusca — 

69 are found in South Carolina =: 28 per cent. 
79 are foimd in North Carolina = 32 per cent. 
67 are found in Maryland = 27 per cent. 
28 are recent = 11 per cent. 
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Of about 203 Maryland moUusca — 

55 are found in South Carolina = 27 per cent 
54 are found in North Carolina = 27 per cent 
67 are found in Virginia = 33 per cent. 
24 are recent =12 per cent. 

Of about 144 Maryland " Newer" group moUusca — 
52 are found in South Carolina = 36 per cent. 
49 are found in North Carolina == 34 per cent. 
59 are found in Virginia = 4l per cent. 
23 are recent = 16 per cent. 

Of about 59 Maryland " Older " group moUusca — 
7 are found in South Carolina = 12 per cent. 
9 are found in North Carolina = 15 per cent. 
13 are found in Virginia = 22 per cent. 
2 are recent = 4 per cent. 

Summa^-y, 

The following points in stratigraphy, it is believed, may be considered as being 
conclusively demonstrated through the foregoing comparisons : — 

1. That the South and North Carolina deposits represent approximately the same 
geological horizon ; 

2. That the Virginia deposits indicate a horizon lower (older) in the geological 
scale than that of either of the formations just mentioned ; 

3. That the Maryland deposits indicate two well-marked faunal horizons, of which 
the upper one is the correspondent of the Virginian. 

Remark. — It will be seen from the last table that the correspondence existing 
generally between the Maryland deposits taken as a whole {i. e., including both 
"newer" and "older" groups) and those of Virginia is greater than that which 
obtains between the last and the deposits of the " newer " group (upper Maryland 
horizon) considered alone, and, hence, it might readily be concluded that the Virginia 
and Maryland formations are absolutely equivalents of each other. But, as it has 
already been shown, the Maryland deposits almost unquestionably represent two well- 
defined faunal horizons, and, therefore, unless such is likewise found to be the case in 
Virginia — which appears to he highly probable^ although evidence proving the same is 
still insufficient — ^no general correlation can be insisted upon. 

Having ascertained the relations which the deposits of the several States hold 
towards each other, it remains lastly to determine what are the horizons, as generally 
recognized by geologists, that they represent. The low percentage of living forms 
which characterizes the molluscan faunas of the Maryland and Virginia deposits leaves 
no doubt as to the Miocene age of these last ; the " older " group of Maryland, 
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therefore, represents the base of the Miocene series. As for the North and South 
Carolina deposits, their position is somewhat more difficult to pronounce upon. The 
percentage of recent forms occurring in South Carolina is such as to permit, according 
to the original Lyellian classification of the Tertiary strata, of the deposits of that 
State being referred to the Pliocene period. The North Carolina deposits, on the other 
hand, would according to the same system of classification be relegated to the Miocene 
period, and yet, as has already been seen, the identity existing between the faunas of 
the two States is altogether too great to admit of any reasonable doubt as to their 
contemporaneity. Nor is the difficulty of determination lessened when an appeal is 
made to European deposits of nearly similar age, which have served to elucidate the 
principles of the Lyellian classification. Thus in what might be considered to be the 
two typical areas for the occurrence of marine Pliocene deposits in Europe — Italy and 
England — the percentages of recent forms characterizing the contained faunas vary 
within very broad limits. Foresti has shown (vide Fuchs, Die Gliedernjig der Tertiar- 
bildungen am Nordahhange der Apenninen von Ancona bis Bologna^ Sitzb. d. k. Aka^ 
demie der Wissenschaften, Ixxi, p. 177, Vienna, 1875) that the so-called Pliocene of 
the Bolognese Apennines may be divided into four faunal horizons, the deposits 
belonging to which are characterized by the following percentages of recent forms; — 



IV. 


Total number 
of species. 

141 


Living. 

112 


Percentage of 
living forms. 

19-4 


III. 


332 


144 


43-3 


II. 


183 


71 


38-8 


T. 


78 


24 


30-7 



(Oldest) 

Nos. I and II, therefore, correspond very closely in the proportion of living forms 
with the North and South Carolina deposits. But just this division of the sub- 
Apennine formation, or its equivalent, is ^by many Italian geologists referred to the 
upper Miocene, and, indeed, it would appear more natural, if the percentage of living 
forms is to remain the principal basis for the classification of the Tertiary formations, 
to group the doubtful deposits here, and thereby increase the latitude of the, Miocene, 
than where they have very generally been placed, unless, as would seem from the 
observations of Pa re to {Les terrains tertlaires d3 VApenr,in septentrional^ Bulletin de 
la Societe Geologique de France, 2d sen, vol. xxii, 1864-5, p. 237, ei seq.), and Fuchs 
(he. clt.)^ stratigraphical evidence is decidedly contrary to such an approximation.* In 



* A direct continuity between the upper Miocene (Tortonian) and the Bolognese sub- Apennine (Pliocene of 
most authors) formations is maintained by Capellini (Sui Tcrreni Terziari di una parte del versante ^ettentrionale 
dell'Apennino, Mem. Accad. Scienze, Istit. Bologna, ser, iii, vol. vi, p. 618, 1876). Under the strata designated as 
the Mio-Pliocene (**Messinian*' of Mayer), corresponding in a general way with the "Sarmatian'* and **Con- 
gerian*' of the Austrian geologists, and consequently comprising (a*< generally recognized by geologists) deposits 
of both Miocene and Pliocene age, are included I and II of Forest i's faunal horizons — ^the lower sub- Apennine 
marls and sands of Capellini (upper Messinian of Mayer). The upper marls and sands (III and IV) are referred 
to the ^^Astian" (or Pliocene proper of Capellini). This classification appears to be more in conscmance with 
the facts presented by paleontology than the one usually followed. 



POST^EOCENE TERTIARY DEPOSITS OF THE ATLANTIC SLOPE. 65 

the English Pliocene faunas the percentages of recent forms are very much higher 
than in the Italian just referred to.* The following table exhibits the numerical 
relations of the living and extinct species, which together constitute the Crag molluscan 
fauna (Lyell, "Student's Elements of Geology/' 1878, p. 18^^, emend.):— 



Chillesford beds, 
Norwich (Pluvio-marine), 



Newer Pliocene, 






Total number 
of gpeclea. 


Living. 


Percentage of 
recent forms. 


88 


74 


841 


112 


94 


84 


Older Pliocene. 






natives), 248 


179 


72-2 


396 


252 


63' 6 



Red Crag fexclusive of derivatives), 
Coralline Crag, 

It will thus be seen that the number of recent forms occurring in the oldest 
division of the British Pliocene deposits is, proportionately to the extinct species, very 
much greater — ^in fact, not far from twice as great — than that which has been found 
to exist in the case of the South Carolina deposits. While it may be safe to affirm 
from this disparity existing between the American and English faunas that tlie forma- 
tions represented by them are in no way equivalents of each other (an equivalency, 
as has already been stated, that had been assumed by Lyell), it may yet be rash to 
conclude from this reason alone, that, broadly measured, they do not belong to the 
same period (Pliocene) of geological time, the more especially, since (as will be seen 
from a comparison of the British and Italian faunal tables) a nearly equal disparity 
obtains between the faunas of the Crag and some of the sub- Apen nine deposits con- 
sidered to belong to the same period. Nor would it be safe to affirm conclusively, 
although the evidence in this direction may be considered to be sufficiently strong, 
that the American deposits in question are correlative of that portion of the sub- 
Apennine formation, which, by some geologists has been referred to the upper 
Miocene, or classed as Mio-Pliocene. While it may thus be difficult to determine 
ahsolutely whether the South Carolina deposits (and, consequently, also the North 
Carolinian) ought to be classed as Pliocene or Miocene, yet, in view of the fact that 
thus far no Tertiary beds have been discovered in that State, nor probably anywhere 
else along the Atlantic coast, whose fauna more closely approximates that of the 
present day, and the broad hiatus that is thus created between them and the succeeding 
post-Pliocene, in which, as determined by Holmes (" Post-Pleiocene Fossils of South 
Carolina," 1860, Introduc, pp. 3 and 4), the recent forms make up fully 99 per cent. 



* Foresti has called attention ( Catalogo dei Molhuchi Pliocenici delle Colline Bolognesiy Mem. Accad. Scienze, 
Istit. Bologna, ser. ii, vol. vii, p. 548, 1867) to the m ach greater relationship which the fauna of the Bolognese 
sub-Apennine formations bears to the fauna of the Vienna basin than to that of the British crag, and from this 
circumstance draws the inference, that the Italian deposits represent a horizon very close to.the Miocene C^rapre- 
sejUano un piano geologicovicinisHmo almiocene,^^ . . .). 
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of the molluscan fauna,* it would appear more natural to group them in the same 
series with the deposits of Virginia and Maryland, to which, as has been demon- 
strated by the tables of comparisons, they bear a strong relation. For these reasons 
the author has preferred to consider them as being of Miocene age, and as representing 
the uppermost member of the series.f The Miocene deposits of the Atlantic slope 
would, according to this determination,' be divisible into three groups : 

Upper Atlantic Miocene, represented by the South and North Carolina deposits. 

Middle Atlantic Miocene, represented by the whole, or the greater part, of the 
Virginia deposits, and those of the Maryland " newer *' group. 

Lower Atlantic Miocene, represented by the deposits of the Maryland " older " 
group, and, possibly, the lower portion of the Virginia formation. 

To these three groups, commencing with the oldest, it is proposed to apply the 
designations of " Marylandian," " Virginian," and " Carolinian," respectively. 

The sequence of the Tertiary formations along the Atlantic and Gulf slopes of the 
United States would, therefore, be approximately as follows : 

* I have had no opportunity as ytt of verifying this statement. 

f But very little evidence as to stratigraphical position is afforded by direct comparisons made between the 
European and American faunas, since the number of equivalents, or even representative forms is comparatively 
limited, and these are about equally divided between the European Miocene and Pliocene. The following South 
Carolina lamellibranchs may be considered to occur, or to have their analogues, in the Crag (Pliocene) deposits : 

Anomia ephippium. 

Ostrea Yirginiana, represented by 0« edulis. 
Lucina filosa = L. borealis. 
** crenulata. 



*< dentata? 
Nncula obliqua = Nucula nucleus ? 



Astarte bella, represented by Astarte gracilis. 

** undulata, represented by A. Omalii. 
Artemis intermedia, represented by A. lent'formis 
Mactra lateralis, represented by Mactra ovalis. 
Solen cnsis. 
Pandora trilineata = P. inequivalvis ? 



The following may be said to occur, or to have their analogues, in the deposits of the Vienna basin : 



Anomia ephippium, represented by A. costata. 
Area plicatura, represented by A. diluvii. 
Nncula obliqua = N. nucleus ? 
Lucina squamosa — L. pecten (reticulata). 

" fllosa — L. borealis. 

V anodonta = L. Miocenica ? 



Lucina divaricata, represented by L. omata ? 
Chama corticosa, represented by C. gryphina. 
Cardium magnum, represented by C. Kiibeckii. 
Aitemis intermedia, represented by A. lentiformis. 
Pandora trilineata = P. inequivalvis ? 
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Remark. — ^In the above table, in most instances only the more prominent localities 
for the occurrence of the several deposits have been given, and the absence of reference 
to certain States, therefore, does not indicate that deposits of a given age are there 
wanting. The " Jacksonian " beds, which are placed at the top of the Eocene series, 
may, on further examination, prove to be in part Oligocene. By some geologists 
a portion of the post -Eocene Tertiary deposits of New Jersey, Delaware, and Maryland 
has been referred to the Pliocene period, but there does not appear to be as yet sufficient 
evidence to support such a conclusion. No precise correlation between the entire 
series of the Atlantic Tertiary deposits of the United States and those of Europe can 
thus far be said to have been determined. There can be no doubt as to the parallelism 
existing between the Clairbornian and the " Calcaire Grossier " (Parisian) of France ; 
but as for the immediately overlying and underlying Eocene deposits, their relations 
can only be approximately fixed from the positions which they occupy in their own 
series. The " Buhrstone " appears to represent a portion, or perhaps even a greater 
part of the " Londonian," and the Marlborough and Piscataway beds of Maryland 
(Eo-ligniticl), a horizon probably not far removed from that of the Bracheux sands of 
the Paris basin, or the Thanet sands of England (Thanetian). There can be little or 
no doubt respecting the position of the " Virginian,'' whose faunal facies places it at 
about the horizon of the faluns of Touraine, and the " Second Mediterranean " beds 
of the Vienna basin ; nor can there be much more doubt as to the equivalency, at 
least in part, of the " Marylandian " and the lower Miocene beds of the Vienna basin 
(" First Mediterranean ").* The relations of the " Carolinian " have already been 
fully discussed.f 

* The proportions which the recent species of mollnsca bear to the extinct forms is larger in the older 
deposits of the Vienna basin than in the newer ; the percentages for the two divisions of the ** Mediterranean '' 
are twenty-one for the ** First," and fifteen for the "Second" (Fuchs, GeologUche Uebersieht der jungeren 
Tertidrbildungen des WUner Beckeris. Fiihrer zu den Excursionen der D. Geolog. Oesellschaft, Vienna, 1877, p. 
103). The following species of Virginia and Maryland lamellibranchiata may be considered as occurring, or 
having their analogues, in the deposits of the Vienna basin and the British crag : 

VIENNA BASIN. 



Saxicava rugosa (bilineata) = S. arctica. 
PanopsBa Americana, represented by P. Menardi. 
Venus latilirata, represented by V. scalaris ? 
Isocardia fratema, represented by I. cor. 
Chania corticosa, represented by C. gryphina. 
Lucina anodonta =^ L. Miocenica? 
** contracta (filosa) = L. borealis. 

Ostrea Virginiana, reprt»sented by O. edulis. 
Lucina filosa (contracta) = L. borealis. 

** crenulata (Conrad) = L. crenulata (Wood) ? 

** dentata. 
Nucula obliqua = N. nucleus? 
Erycinella ovalis. 
Astarte undulata, represented by A. Omalii. 

f It is not improbable that the age of the beds of this period will be most nearly represented by that of the 
deposits of the lower ("Black'*) Antwerp Crag (Diestian), considered by most Belg'an geologists to form the 
base of the Pliocene series of that country (Dewalque, Prodrome d'une Description Oeologique dela Belgiquey 1880, 
p. 254), and by Lyell ("Student's Elements," p. 185), as the ** first links of a downwaid passage from the strata 
of the Pliocene to those of the Upper Miocene period." The percentage (46) of recent molluscan forms 
characterizing the fauna of these Belgian deposits, as determined by Lyell in 1852 ("On the Tertiary Strata of 
Belgium and French Flanders," Joum. Gkiol. Soc. London, viii, p. 293), is, however, considerably higher than 
that which has been shown to be the case with the Carolinian fauna. 



Lucina divaricata, represented by L, omata. 

" squamosa (speciosa) = L. pecten (reticulata). 
Nucula obliqua = N. nucleus ? 
Area plicatura, represented by A. diluvii. 
Myoconcha incurva, represented by My tilus Haidingeri ? 
Pema maxillata = P. Soldanii. 

CBAG. 

PanopSBa Americana, represented by P. Menardi. 

" porrecta = P. gentilis ? 
Pandora arenosa (trilineata, pars t) represented by P. 

pinna. 
Saxicava rugosa. 
Isocardia fratema, represented by I. cor. 



III. 

ON THE STRATIGBAPHICAL EVIDENCE AFFORDED BY THE TERTIARY 

FOSSILS OF THE PENINSULA OF MARYLAND. 

The Tertiary deposits of Maryland have from time to time attracted the attention 
of investigators more or less eminent in their special lines of research, the results of 
whose observations, owing to the then imperfect state of American geological and 
paleontological science, only very gradually tended to unfold the true relations 
existing between the synchronous formations of the east- Atlantic and west- Atlantic 
coxuitries. 

Maclure, on the map accompanying his "Observations of the Geology of the 
United States" (1817), classed all the late superficial deposits of Maryland under the 
general term "Alluvial," which term was likewise applied to almost the entire border 
deposits of the Atlantic and Gulf slopes. In 1824 (Joum. Acad. Nat. Sci., vol. iv) 
Say described about forty species of fossil shells collected by Mr. Finch from the same 
State, but excepting some passing reflections on the nature of the deposit whence they 
were obtained, and on the great resemblance existing between some of the forms and 
forms still living on the coast, no special geological inferences were drawn from the 
collection. From a comparative examination of the contained fossils, Van Rensselaer 
("Lectures on Geology," 1825, p. 261) subsequently referred the deposits in question 
to the Upper Marine formation, which view was concurred in by Morton in a paper 
read before the Academy of Natural Sciences of Philadelphia in June, 1828. In a 
previous paper ("Geological observations on the Secondary, Tertiary, and Alluvial 
Formations," J. A. N. S., January, 1828), published conjointly by Vanuxem and 
Morton, no attempt was made to correlate the various divisions of the American and 
European Tertiary formations. • 

Conrad, who, more than any other American geologist, contributed to advance our 
knowledge of the geology and paleontology of this latest period, was the first to 
recognize the existence of at least three distinct post-Secondary formations in Maryland, 
the oldest of which he identified by a series of a few fossils found near Ft. Washington, 
on the Potomac, as belonging to the Eocene, and the newest, as exposed on the south- 
east extremity of the peninsula, to the post-Pliocene (J. A. N. S., vol. vi, and Bulletin 
of the National Institution, 1841). The intermediate deposits were classed as the 
Upper Marine, but subsequently under Lyell's designation of Miocene. Conrad's 
original observations were in general confirmed by his later researches, and the 
relations of at least a great portion of the Miocene of Maryland, as well as of almost 
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the entire Atlantic slope, were clearly pointed out by Lyell in 1845 (Proc. Geol. 
Soc, vol. iv, p. 547). 

It is mainly in relation to this last formation that we wish to draw special attention, 
there being but little question concerning the original determination of the Eocene 
and post-Pliocene deposits. That the great bulk of the deposits known as the 
Medial Tertiary of Maryland is not synchronous with the South Carolina deposits 
classed by Tuomey and Holmes as Pliocene, an assumed fact insisted upon by 
Conrad, and for which there appears to be no evidence, an examination of the 
following table of moljusca will clearly demonstrate : 

LamelUhranchiaia of the Medial Tertiary Formations of Maryland. 



Anomia ephippium,* 


Crassatella Marylandica, 


Osirea Virginica* 


Ampbidesma carinata,'*' 


(< 


turgid ula, 


" percrassa,* 


" subovata, 


(( 


melina, 


Panopeea Americana^ 


Area callipleura, 


u 


undulata,* 


" reflexa,* 


( A. dipleura?), 


Cytherea Say ana,* 


" porrecta, 


" idonea, 


a 


albaria, 


(— P. Goldfussi ?) 


" incilo,* 




( — C. idonea), 


Pecten Madisonius, 


" subrostrata, 


(( 


Marylandica, 


" Humphreysii, 


" Marylandica, 


(( 


staminea, 


" Jeffersonius, 


" triquetra, 


u 


subnasuta,* 


" concentricuH, 


*' centenaria,* 


Isocardia fraterna, 


" Clintonius, 


" improcera,* 


(( 


Markoei, 


" septenarius,* 


" stilicidium, 


Leda liclata, 


Pectunculus parilis, 


Artemis acetabulum,* 


" acuta^* 


" lentiformis,* 


" concentrica, 


" concentrica, 


" subovatus,* 


( — A. elegan8f)j 


Lima papyria, 


Pema maxillata, 


Astartc yieina, 


Lepton 


(?) mactroides, 


Petricola centenaria. 


" cuneiformis, 


Lucina anodonta,* 


Plicatula marginata,* 


'* obruta, 




( — L. Americana). 


Pholadomya abrupta,* 


" perplana, 


(( 


Foremani, 


Pholas ovalis, 


" exaltata. 


u 


subobliqua. 


(— P. co8tataf)* 


" varians, 


4< 


subplana, 


Saxicava rugosa^ 


" distans, 


a 


cribraria,* 


Solen ensis,* 


" planulata, 


(( 


crenulataj* 


Tellina a^quistriata, 


" undulata,* 


u 


contracta* 


" biplicata,* 


Cardita arata,* 


(( 


divaricata* 


*' lenis. 


" protracta, 


Mactra incrassata. 


Venus tetrica, 


" granulata,* 


i( 


ponderosa. 


** Mortonij 


Cardium laqucatum, 


(( 


fragosa. 


" alveata, 


" acutilaqueatum, 


(( 


subcuneata, 


*' inoceriformis. 


" craticuloides, 


(( 


delumbis. 


" permagna ? 


" leptopleura, 


Modiola Ducatellii, 


" tridacnoides,* 


Corbula cuneata,* 


My a producta. 


" mercenaria* 


" idonea, 


Mytilus incurva. 


" Rileyi.* 


" elevata, 


Nucule 


I proxima,* 


Yoldia laeviSj* 


" inequalis,* 









The species in italics are still living on the American coasts ; those followed by an * are 
described by Tuomey and Holmes as occurring in the ** Pliocene " formation of South Carolina. 
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[Note. — The preceding table has been compiled as accurately as possible from the various 
papers pertaining to the paleontology of the State, but owing to their number, and to the numerous 
publications in which they have been spread, it has proved impossible to collect them all, and no 
doubt some few species will be found occurring in the State which have escaped our notice. 
These will probably be very few in number, and will not materially affect the general conclusion. 
The following twenty-two species, mainly those described by Say from the collection of Mr. Finch 
(J. A. N. S., vol. iv), have no stated locality: Area cenienaria, A, improceraj A, indie, Astarte 
distans, Grassatella undulata, Leda acuta, L. concen^rica, Nucula proxima, Yoldia laevis, Lucina 
contracta, L. divaricaia, L, subobliqua, Panopsea rejlexa, Pecten Jeffersoniua, P. ClintoniuSj P, 
concentricu8y P. septenarius, Pecttinculus subovatus, Plicatula marginata, Tellina acquislriata, Venus 
de/ormis (tridacnoides), and V. Bileyi.'] 

It will thus be seen, that of about one hundred species of bivalves, only thirty-six 
(36 per cent.) are common to about an equal number (103) from the South Carolina 
deposits; and further, that, whereas, of the preceding enumeration of Maryland 
moUusca only about thirteen per cent, are recent forms, no less than thirty-six per cent, 
(according to Tuomey and Holmes, nearly fifty per cent.) of the South Carolina 
medial Tertiary bivalve moUusca are stiU living. There remains, therefore, no 
question regarding the relative ages of the two formations. 

An examination of the fossiliferous strata exposed in sections at various points on 
the western shore of Chesapeake Bay, in Anne Arundel and Calvert Counties, on the 
Patuxent River, near Benedict, and on the St. Mary's River, St. Mary's County, tends 
to show, moreover, that the series of deposits intermediate between the Eocene of 
Fort Washington and the post-Pliocene of the southeast extremity of the peninsula 
belong to two different periods of formation, an older and a newer ; those belonging to 
the latter period being characterized by a fauna, the proportion of living forms in which 
is far in excess of that in the former. Sections of the newer deposits are exhibited in 
Calvert County, near Cove Point, on the Patuxent River, below Benedict, at about 
water level, on the same river, further north, in the deposits above the Pema beds, 
and more especially on the St. Mary's River, St. Mary's County. The older deposits 
are best shown in the oyster beds, rising a few feet above tide-water, at Fair Haven, 
Anne Arundel County (which point was considered by Conrad as the northern 
termination of the peninsular Miocene formation), in similar beds, also only a few feet 
above water level, at a point about twenty miles further south (" Colonel Blake's," of 
Conrad), in the sections exhibited by the Calvert Cliffs, and in the Pema beds on 
both banks of the Patuxent River. There is, further, strong, although not conclusive, 
evidence for considering the beds containing Pema maxillata and Ostrea percrassa as 
the lowest of the series. 

The following tables exhibit as nearly as possible the distribution of Lamellibran- 
chiata in the deposits of both periods, those of the newer being for convenience of 
comparison divided into the Patuxent and St. Mary's groups : 
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Older Period. 



2 
3 
4 



(( 



(( 



(4 



1 Area dipleura, 

(= A. calilpleura?), 
Marylandica, 
subrostrata, 
triquetra, 

5 Artemis acetabulum, 

6 Astarte variaus, 

7 " exaltata, 

8 Cardium craticuloides, 

9 " leptopleura, 

10 Corbula idouea, 

11 " elevata, 



12 Crassatella melina, 

13 " turgidula, 

14 Cytherea subnasuta, 

15 Isocardia Markoci, 

16 Leda liciata, 

17 Lima papyria, 

18 Luciua Foreman!, 

19 '^ subplana, 

20 " crenulata^ 

21 Mytilus incurva, 

22 Modiola Ducatelii, 

23 Ostrea percrassa, 



24 Pauopaea porrecta (Gold- 

fussi), 

25 Pecten Humphreysii, 

26 ^' Madisonius, 

27 PectunculuB parilis, 

28 " lentiformis, 

29 Perna maxillata, 

30 Pbolas ovalis, 

(= P, costata ?) 

31 Tellina lenis, 

32 Venus alveata, 

33 ^^ staminea, 

34 " Mortoni f 



Newer Period — /. Patvxent Graiip. 



1 Anomia Conradi, 

(= A. ephippium ?), 

2 Area idonea, St. M. 

8 Artemis acetabulum, St. M. 

4 Astarte usdulata, St. M. 

5 Gardita protraeta, 

6 Cardium laqueatum, St. M. 

7 Corbula idonea, St. M., E. 

8 CrassateUa Marylandica, E. 



9 Cytberea Sayana, St. M. 

10 *' Marylandica, 

11 '^ albaria, 

12 Isocardia fratema, St. M. 

13 Lucina Americana, E. 

14 Mactra incrassata, 

15 Mya producta, 

16 Panopaea Americana^ 



17 Panopaea poiTCcta (Gold- 

fussi), St. M. 

18 Pecten Madisonius, St. M., 

E. 

19 Petricola centenaria, 

20 Pbolas ovalis, 

(= P. costata^) ^ St. M. 

21 Tellina biplicata, E. 

22 VenuB Mortoni ? St. M. 



//. St. Mary*8 Oraiip. 



1 Amphidesma earinata,f 

2 " suboyata,t 
8 Area idonea, 

4 " arata,f 

5 " 8tilicidium,f 

6 Artemis acetabulum, 

7 Astarte andulata, 

8 " planulata,t 

(==A. perplana?), 

9 " vicina,f 

10 Cardita granulata,t 

11 Cardium laqueatum, 



12 Corbula inequalis,f 
13* " cuneata,f 

14 " idonea, 

15 Cytherea Sayana, 

16 Artemis eoncentrica,f 

{=A. elegansf), 

17 Isocardia fratema, 

18 Lucina cribraria,f 
19* Mactra ponderosa,f 

20 " subcuneata,f 

21 " frag08a,t 

22 " delumbis,t 

23 Ostrea Virginica,-\ 



24 Panopaea porrecta, 

25 Pecten Madisonius, 

26 Pholadomya abrupta,t 

27 Pbolas arcuata, 

(=P. costata)^ 

28 Saxicava rugo8a,f 

29 Solen en^s f f 

30 Venus alveata, 

31 " Mortoni, 
82 " tetrica,t 

33 " mercenariajf 

34 " inoceriformis.f 



Note. — Tbe italicized names represent species considered to be identical ^tb living forms ; 
those (in the Patuxent group) followed by the letters St. M. and E., species common to St. Mary's 
and to Easton (Choptank River) ; and those (in the St. Mary's group) followed by a f, species 
peculiar to the locality. 



* Corbula euneata and Mactra ponderosa are also found in the newer deposits of Calvert County, near 
Cove Point. 
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A comparison of the foregoing lists will show at a glance, that of the thirty-four 
bivalves belonging to the older formations, cU most only three (or 9 per cent.) are found 
to be living forms {Pholas ovalis [= P. co8tata?\ Ltieina crenulata and Venus Mortoni)^ 
and that only six (18 per cent.) and seven (21 per cent.) are common respectively to 
the Patuxent and St. Mary's exposures, viz. : 

To Patuxent. To St. Mary^s. 



Artemis acetabulum,* 
Gorbula idonea, 
Pholas ovalis,* 
Panopsea porrecta, 
Pecten Madisonius, 
Venus Mortonl, 



Artemis acetabulum, 
Corbula idonea, 
Pholas arcuata (= costata), 
Panopaea porrecta, 
Pecten Madisonius, 
Yenus Mortoni, 
" alveata.* 



* There appears to be much confusion regarding the species of Artenm found fossil in the Atlantic Tertiary 
deposits, and their relations to the forms now living on the Florida coast. In 1832 ( '^ Fossil Shells of the Tertiary 
Formations,^' p. 20) Ooiu*ad characterized the species A. acetabulum, which appears to have been until then con- 
founded with the A. conctntrica, Con., non Bom {A. discus, Reeve, "Conchologia Iconica," vol. vi, sp. 9), 
inhabiting the southern coast. No mention is there made of its being found also in a recent state, but subse- 
quently, 1838 ("Fossils of the Medial Tertiary Formation," p. 29), we find the following statement : "This fine 
species is very common in the localities named, and also occurs recent on the Florida coast." In the list of shells 
inhabiting the Florida coast, prepared by the same author in 1846 (A. J. Science, 2d series, ii, p. 893), only two 
species of Artemis are catalogued, A. elegans and A. concentrica, and it therefore appears highly probable that 
the statement considering A, acetabulum also as a living form was founded on a misconception, the more especially, 
as an examination of the recent shells in the Museum of the Academy of Natural Sciences fails to reveal 
anything answering to Conrad's original description. Th's species may possibly prove to be identical with 
(or only a variety of) the Venus concentrica described by Tuomey and Holmes in their work on the Pliocene 
fossils of South Carolina (1857, p. 82), and to which Conrad applied the specific name of intermedia (Dosinia 
lArtemisI intermedia) in his check list of Miocene fossils (Proc. A. N. S., 1862, p. 575). The A. acetabulum is 
found fossil in the Tertiary deposits of Maryland, Virginia, North Carolina and South Carolina, and must be 
carefully distinguished from the A, concentrica of Bom,^ to which it bears only a distant resemblance. Another 
fossil species is probably the A. elegans. Con. (living on the Florida coast); one almost perfect specimen, which 
agrees in all essential respects with the recent forms, is in the Academy Miocene collections, but, unfortunately, 
the locality whence it was obtained is not given. In his account of the geology and organic remains of the 
peninsula of Maryland (1830, J. A. N. S., vol. vi, p. 212), Conrad mentions the Cytherea {Artemis) con.cen- 
triea. Lam., as occurring in the St. Mary's exposure, but as subsequently (" Fossils of the Medial Tertiary," 
1838, p. 30) it is distinctly stated that the same does not occur in the Miocene formation, it is highly probable 
that the original observation was erroneous. Certainly nothing corresponding either to the species in question 
or to A, discus is to be found in the Maryland Miocene collection of the Academy. 

The common species inhabiting the southern coast is not the A. concentric<i of Bom, with which it has been 
frequently confounded, and to which it bears only a slight resemblance, but the A. discus of Reeve {loc. cit.). A 
third species, the A. {Dosinia) Floridana, Con., is unquestionably very closely allied to the first, from which it 
differs essentially only in the greater obliquity of the pallial sinus. In other respects it agrees with the figures 
and minute description of Bom's species as given by Agassiz inhis *^ IconograpMe des OoquiUes Tertiaires^* {J!fou/c. 
Mem. de la Societe Hehetique, 1845, vol. vii). 

It is not improbable that the various forms of Venus alceata and V. latUirata are mere varieties of one and 
the same species, a series of intermediate stages seeming to link them together. The V athleta, constituted by 
Conrad to embrace the F. athleta of Say, V. latUirata of Tuomey and Holmes, and the F. paphia of Lamarck, 
is also a very closely related, if not identical, form. The F. alveata is included by Stimpson among the living 
moUusca of the Atlantic coast (Smithsonian Check Lists, 1860), but this fact appears very doubtful in the opinion 
of Try on ("American Marine Conchology," 1873, p. 160). It must be confessed, however, that there exists a 
very striking agreement between the fossil shell and specimens of the F. paphia, Linn., from St. Thomas, the 
main difference i:>eing a tendency on the part of the latter to lose the full solidity of its ribs some distance before 
they reach the posterior slope. The F. alveata exhibits a similar tendency, but not quite to the same extent. 

I have been unable to discover any description of the Pholas ovalis. Con., nor is there any mention made of 
it either in the Miocene check list prepared by Conrad in 1862 (Pioc. A. N. S.), or in that of Meek of 1864 
(Smithsonian Miscell. Collections). I have, therefore, only doubtfully referred it to P. costata. 



, I f. 



i ■ 

i - 



74 ON THE STRATIGRAPHICAL EYIDENCE AFFORDED BY THE 

Deducting two or three species that are also found at Easton, we still have left 
twenty- three (or 68 per cent, of the whole number) that are not found in the later 
deposits. 

On the other hand, the fossils of the newer deposits as exhibited in the sections on 
the west bank of the Patuxent show a very decided similarity to those of St. Mary's, 
for out of the twenty-two species of bivalves occurring there, no less than eleven (or 
just 50 per cent.) are also common to the last mentioned locality. There can, there- 
fore, I believe, be no reasonable doubt that the deposits exposed on the Patuxent 
River immediately above the Perna beds constitute a direct continuation of the highly 
fossiliferous strata bordering both sides of the St. Mary's River. These last number 
among their fossil fauna also about thirty-four species of Lamellibranchs, the same 
}■' number as is found in what we have designated as the older group, but of these thiny- 

four, about twenty two (dr, deducting Corbula cuneata and Mdctra ponderosa^ twenty),, 
or 65 per cent, are peculiar to the locality. Moreover, of the entire number, about 
seven (or 20 per cent.) are still living on the Atlantic coast. The dissimilarity of the 
two faunse cannot fail to strike the least observant investigator, and Conrad has dwelt 
at some length upon this curious manifestation (A. J. Science, vol. xxviii, p. 282, and 
Bull. National Institution, 1841, p. 176). That paleontologist, singularly enough 
(apparently not having made any exact numerical estimates either of the living forms, 
or of the forms found in one locality and not in the other), explains the differences as 
due solely to variable local conditions.* This interpretation might very satisfactorily 
account for the phenomenon as far as generic distribution alone is concerned, and, 
indeed, it would even hold good in its bearings on a limited number of species, but it 
would hardly apply to a case such as the present one, where the specific dissimilarity 
is so vast in such a comparatively very limited geographical extent. 

Now, if the supposition that the deposits in question were deposited at two different 
periods be a correct one, and paleontological evidence goes far to prove that they were, 
we should naturally expect to find also some direct stratigraphical evidence afforded 
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* Thus he states (A. J. 8., lot, tiU)\ **If our coast were now suddenly elevated, we should find spots where 
the shells would consist chiefly of an immense number of Modioli, demissa mixed with LUtorina Uitorea and 
Melampm bidentatus; these are found on the margin of the lagoons at high-water mark, the Modiola imbedded in 
a tenacious soil. At a little distance would be found VenuB mercenaria, Mya arenaria, Solen ensis, Solecurtus 
Oartbeus ; among these would be Oitrea Virginiana, Fusui cinereus, and a few of JP^cten eoncentricus. Such is 
the group existing on the sandy shore of tlie Estuaries. Hard by, would be a vast deposit of oyster shells with 
EchinuSj and immense masses of SerjnUa, These live on the bottom of the lagoons, which is composed of a 
mixture of sand and mud. Then would be found another group of shells which live only in deep water, the 
Aitarte lunulat 7, Nucula Umatulay N. proxima, Cardita borealis, Pholas costata^ in company with great nimibers 
of Mytili. This deposit we should recogn'ze as having been formed in harbors, like those of Newport and 
Charleston. ..." 

It will be observed that in the above conception Conrad has confined himself entirely to generic and not 
specific distribution. 
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by the superposition of the strata themselves * The following section was obtained 
by Conrad at a point on the Chesapeake, near " Beckett's," about twenty-eight miles 
south of Fair Haven : 



Feei in thickness. 



20 



Sand, without shells. 



Sand, with innumerable shells. 



Mingled sand and clay, without fossils, or ver^' rare. 



Same as below, less numerous. 



Sand and clay, with a group of shells like that at Hance's. 



The shells obtained at Hance's, about four miles further north, were the following : 



Astarte varians, 
'' exaltata, 
Artemis acetabulum. 
Area subrostrata, 

" dipleura, 
Cytherea subnasuta, 
Cardium leptopleura, 



Bonellia lineatd,, 
Cancellaria biplicifera, 
" cngonata, 

Dentalium thalloides, 
Fissurella Marylandica, 
Yoluta mutabilis, 



Bivalves. 

Crassatella melina, 
Corbula idonea, 

** elevata, 
Isocardia Marko^i, 
Lima papyria, 
Lucina Foremani, 

'* subplana, 

Univalves. 

Infundibulum perarmatum, 
Marginella perexigua, 
Pleurotoma Marylandica. 
*' bellacrenata, 

Scalaria pachypleura. 
Solarium trilineatum, 



Lucina crenulata, 
Pectunculus lentiformis, 
Venus latilirata, 

Mortoni ? 

staminea. 



(( 



(( 



Sigaretus fragilis, 
Trochus peralveatus, 
Turritella indenta, 
exaltata, 
perlaqueata, 
Yoluta solitaria. 



u 



ii 



It will be at once noticed that in addition to the lowest foSsiliferous stratum, 
extending to about seven feet above water level, a second highly fossiliferous one 

* It may as well be remarked, that, although in the foregoing examination of the molluscan fauna I have 
dwelt exclusively upon the LameUibranrTUata, the Gasteropoda offer equal, if not greater support to the general 
conclusion arrived at. On comparing the lists of geographical distribution given by Conrad in the Bulletin of the 
National Institution (pp. 181-7), it will be seen that not a single recent form occurs among the eighteen 
enumerated from the Calvert cliffs at ''Hance^s'' ; and further, that only two species, Voluta mutahiUs and F. 
solitaria, are common to the forty-two found at St. Mary's. Of these last eight (or 19 per cent.) were considered 
by Conrad to be recent forms : 

Buccinum trivittatum, Buccinum quadratum, 

*' lunatum, Katica hero.«, 

Nearly all the species found on the west bank of the Patuxent also occur at St. Mary's, and the same can be 
said of those collected in Calvert county near Cove point, the southern extremity. Singularly enough, that 
although three species of Turritella — T. indenta, T. exaltata^ and T, perlaqueata — were collected from Calvert 
cliffs in the upper portion of the county, none of them appear to have been found near Cove Point, where " vast 
quantities'' of a new species, T, plebeia, **the common species of St. Mary's River" (loc. cit., p. 182), appear 
suddenly to make their appearance. 

11 



Natica duplicata, 
Dentalium dentalis, 



Fusus cinereus, 
Scalaria clathrus. 



16 
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manifests itself at a height of about twenty-seven feet, in which were recognized among 
other shells Artemis acetabulum and Pecten Madisonius. The mineral character of 
this upper deposit is described by Conrad as being a " quartzose sand, very incoherent," 
which is exactly what we meet with in the arenaceous deposits on the west bank of 
the Patuxent River, near Benedict, and which we have identified as equivalents of the 
St. Mary's deposits. They are described by Conrad as being composed of an " arena- 
ceous, fossiliferous stratum," the sand of which is " quartzose and incoherent " (B. N. 
I., p. 185). 

We have thus exposed in one section two highly fossiliferous strata, the upper of 
which shows a very decided analogy to what we have designated ns the new^er group, 
and the lower of which assumes a distinct personality for reason of its position, and 
the paleontological characters impressed upon it. Proceeding from this point south- 
eastward, and therefore in the general direction of the dip of the beds, we should 
naturally expect to meet a point where our upper stratum, or its equivalent, would 
descend nearer to the level of the Bay, and in fact we do find just such a point near 
Cove Point, where " the group most characteristic of these Tertiary deposits, imbedded 
in sand," descends to a height only about fifteen feet above water mark (B N. I , p. 
183). The fossils found here are also nearly all found at St. Mary's, and they are, 
moreover, " highly ferruginous, as much so as many of the crag fossils of Great Britain, 
which they greatly resemble, also, in other respects " (Conrad, Joe, cit). On the St. 
Mary's River, the southeastern most extension of the formation, the same deposit sinks 
almost to water level, as might well be expected on following the general direction of 
the dip. Here, the newer deposits, well characterized by their fossils, make their 
appearance. 

On proceeding from our first point almost due northwards, and therefore at a 
considerable angle to the line of strike, we meet with just the reverse phenomena met 
with on our southern journey. At Fair Haven, where Conrad obtained the following 
section — 

Feet in Thickness. 



50 



Whitish 0%. 



Bones of Cetacea. 



Clay, with siliceous casts of marine shells and fragments 

of bones. 



Clay, with Ostrea percrassa, Fecten Humphreysii. 



the highly fossiliferous stratum found at water mark at Beckett's is probably repre- 
sented by a bed of clay three feet in thickness, commencing at a height of five feet, 
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and which contains " great numbers of black, water- worn, siliceous casts of small 
shells, chiefly Turritella^ the species not yet determined." Below this an entirely new 
deposit now makes its appearance, a bed of clay of five feet thickness, characterized 
by Ostrea percrassti and Pecten Humphreyaii, This last, therefore, probably repre- 
sents the most ancient post-Eocene deposit exhibited on the Chesapeake. Oatrea 
percrassa and Pefjten Humplireysii were also found by Conrad at Huntingtown, 
Calvert County, where in a "'^depression or small valley " a race-way had been excavated 
through the fossiliferous " marls." The lowest member of the section was " quartzose 
sand, with casts of Pcrna maxillalay On the east bank of the Patuxent River, 
moreover, near the mouth of St. Leonard's Creek, Conrad observed innumerable casts 
of'Perna mojxillata imbedded in a stratum of fine siliceous sand, and resting on the 
fragmentary rock considered by him as the '' foundation of the peninsula" (B. N. I., 
p. 184). 

We should naturally look for some deposit contemporaneous with that occurring 
on the west bank of the Patuxent, at some point northeast of that locality where a 
section may present itself. This we find at Easton, on the Choptank, where the 
molliiscan fossil fauna corresponds very closely with that observed on the former 
river. The deposits of the older period, on the other hand, reappear in Cumberland 
County, New Jersey, in the " Mipcene marl" of Shiloh, containing the following 
assemblage of fossils (Cook, " Geology of New Jersey," 1868, p, 297): 



Bivalves. 



Ostrea Mauricensis, 

" percrassa, 
Plicatula densata, 
Carditamera aculeata, 

" arata, 

Crassatella melina, 



Astarte Thomasii, 
Venus Ducatellii. 
Periploma alta, 
Corbula elevala, 
Saxicava mj-ffiformis. 



Four species of the above are also found in Maryland, three of which, Ostrea 
perciwssa^ Crassatella melina^ and Corhula elevata^ are found, I believe, exclusively in 
the deposits designated as those of the older period. None are recent forms.* 

The small percentage of living forms occurring in the " older deposits," as com- 
pared with that of the " newer," leaves little doubt for the inference that the deposits 
in question were formed at two different periods, the latest of which clearly belongs 
to the Miocene. A comparative examination of some of the peculiar fossil forms of 
the older deposits, together with the extremely low percentage of living forms, would 
seem to indicate an age as nearly Oligocene as Miocene, although perhaps not a single 
Eocene species is represented. This last fact need not surprise us, however, as the 
relationship of the Oligocene to the Miocene appears to be greater in almost all the 
localities of its representation than to the Eocene. The Eocene, moreover, of Mary- 



* Ostrea Mauricensis may p: ove to be only a variety of the 0, Virginiea, 
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land is represented only by a very limited number of fossils, and Conrad, himself, has 
called attention to the fact, that there appears to exist a greater amount of diflference 
between the Eocene- and Miocene formations than obtains between the Secondary and 
Tertiary, or between the Devonian and Carboniferous systems (B. N. I , p. 177). The 
following comparison may serve to throw some light upon the relative age of the 
deposits in question : 

Perna maxillata, Lam. 

This species agrees thoroughly with the figure and description of the same given 
by Goldfuss in the " Pectrefacta Germanise" (vol. ii, p. 106), and to which the 
locality Weinheim (Oligocene) is assigned. The sub-Apennine specie«J, formerly 
classed under the same name, is considered by Deshayes to be distinct, and he has 
applied to it the specific name of Soldanii (Lamarck, ^^Animavx sans Vertehres^^^ 
II , / 2d ed., vol. vii, p. 79). A second species of Perna^ the P. Sandljergeri^ Desh., also 

occurs in the Oligocene locality of Weinheim (Sandberger, ''^ Conchylien des Mahizer 
Tertidrbeckens^^^ p. 367). 



./ 



;.«f 
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Mytilus incurva, Conr. 

This large species of Mytilus may perhaps be taken as the representative of M. 
Haidingeri^ Homes ("Z>/e Foss. Moll, des Tertidrheclcens von TT/ew," Abhand, d. k. k. 
geolog. BeichsanstaJt^ iv, p. 366), found both in the Oligocene (Eggenburg) and 
Miocene divisions of the Vienna basin. Rolle {SUzungsherichte d. k. Akad, d. 
Wissenschaften^ 1859, p. 64) and Sandberger consider the M. Haidingeri as the 
equivalent of M, Faujasi^ Brongn., occurring at numerous Oligocene localities of the 
Vienna and Mentz basins. 

IsocABDiA Mabkoei, Conr. 

This iFocardia is, it appears to me, erroneously referred by Homes {Joe. cit.^ p. 
165) to the /. C07-, L., from which it is very readily distinguished by its relatively 
much greater height, and greater development of the umbones. It is a singular fact 
that this species of Isoeardia was followed in the later period by the /. fraternal Say, 
which is barely distinguishable from fossil examples of the /. cor from Italy and Sicily. 

It is worthy of remark, that Rolle (foe. c/<., p. 81), as early as 1859, only four 
years after Beyrich first applied the term Oligocene to some of the middle Tertiary 
deposits of northern Germany, hinted at the possible existence of the same formation 
on the banks of the Patuxent, his conclusions being drawn from an examination, 
among other fossils, of specimens of Lucina anodonta^ Say, Area idonea^ Conr., and 
Cardium laqueatvm^ Conr. 



* On comparison with specimens from the English Crag this species will be found to diflfer very bioadly 
from the /. (Cyprina) rustica of Sowerby, with which it has been confounded. 



IV. 

ON THE OCCURRENCE OF NUMMULITIC DEPOSITS IN FLORIDA, AND THE 
ASSOCIATION OF NUMMULITES WITH A FRESH-WATER FAUNA.* 

Beside the so called NummuKtes Mantelli of Morton (Synopsis Org. Rem. Cretac. 
Group, p. 45, 1834), a species now known to belong to the genus Orbitoides^ only one 
other form of supposed Nummulite has been recorded as occurring fossil in any North 
American formation. This is the NummuUies Floridanua from the " upper Eocene 
limestone " of Tampa Bay, Florida, described by Conrad in Vol. II (new series) of 
the "American Journal of Science and Arts" (1846). The species is there said to be 
abundant, and is referred to the subgenus A88ilina'\ of d'Orbigny. The description 
given is brief, but at the same time very broad, and no reference of any kind is made 
to the internal chambers or the partitions of the test ; nor does the figure appended 
to the description, which resembles a Nummulite only in the circumferential outline, 
give the faintest indication of these characters. In fact, if Conrad's figure is at all 
carefully drawn, it would much more nearly indicate a species of the genus OrhiciJina 
than of NummuUtes, In the " Catalogue of the Eocene Annulata,. Foraminifera, 
Echinodermata, and Cirrepedia of the United States," prepared by the same author 
(Proc. Acad. Nat. Sciences of Phila., vol. 17, p. 74, 1865), the form in question 
{GHfitellarm? Floridana of d'Orbigny, Prodrome cle PalSontologie, vol. ii, p. 406) is 
referred to the new genus Nemophora of Conrad, the characters of which are not stated, 
and whose relations to Nummulitca^ if any such exist, are left to the imagination of the 
reader to determine. J In numerous specimens of rock fragments that have been kindly 
furnished from different parts of the State of Florida by Dr. Eugene A. Smith, State 
Geologist of Alabama, and Mr. Joseph Willcox, of this city, the writer has carefully 
searched for foraminiferal remains that might with any amount of positiveness be 
identified with the form above referred to, but without success. While the Opercv^ 
Una {Cristellaria !) rotella^ stated by Conrad {loc, cit) to occur with the so-called 
Nummulite, was found in sufficiently great abundance in some of the rock fragments — 
in fact, largely entering into the composition of their incoherent masses — no trace of 
anything answerable to the latter could be detected, unless certain associated disciform 

* The author has for various reasons preferred leaving this article as it originally appeared in the Proceedings 
of the Academy of Natural Sciences of Philadelphia, for July, 1882. A supplementary note has been added 
covering more recent observations. 

t By some authors the members of this group are considered to have distinctive characters sufficient to 
separate them as a genus apart from NummtUites (La Harpe, Etude sur Us NummuliUs du Comte de Nice, Bulletin 
de la Soc. Vaud. des Sc. Nat., vol. xvi, p. 211, 1879). 

X As is the case with a veiy large proportion of Conrad's genera, no diagnosis of the "genus '* Nemophora 
appears ever to have been furnished ; at least, it has not been the good fortune of the writer to discover any such. 
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bodies, measuring a quarter of an inch or more in diameter, and ornamented on the 
external surface with regular concentric lines of prominent granules, were actually the 
objects sought after.* But in these the spiral volutions represented by Conrad could 
not be detected, nor does the author make reference in his species to any external 
ornamentation consisting of granules. On the whole, we believe, it may be safely 
affirmed that the Nemo^Jiova had nothing in common with the genus Nammulitea 
beyond a resemblance in outline, and the general community of character that would 
place all similar organisms in the one class of the foraminifera. The existence, there- 
fore, of any fossil North American Nummulites may be considered to have been thus 
far at best but very doubtful. 

But whatever doubt may have hitherto existed -as to the occurrence of North 
American Nummulites, none such can any longer remain. From an examination of 
rock specimens that were recently obtained by Mr. Willcox from the western shore 
of the peninsula of Florida, the writer has been enabled to determine positively not 
only the existence there of these organisms, but their occurrence (locally) in such 
quantities as to constitute by their masses a tnie nummulitic rock. The rock in 
question is a white or yellowish white friuble limestone, found in the immediate 
neighborhood of the Cheeshowiska River, Hernando County, a few miles (4) from 
the coast line. The rock whence the fragments were obtained occupies a level not 
more than two feet above tide-water of the Gulf. All the specimens of Nummulites 
/ appear to belong to a single species, and to the sub-genus Nunt" 

^^m Wg- ft mjuUna^ in which, as distinguished from AssiUna^ the individual 

^^^ ^ whorls completely envelop each other, and to which the most 

chamcteristic foreign representatives of the genus — N, Icevigatua^ 

N. cowplanatus^ N. jf{(tnvJatii^^ N. hderrrvedhis^ etc., belong. 

The tests, varying in size up to about \ inch iii diameter, are in 

an excellent state of preservation, and may be readily sliced 

open so as to show the internal structure. A central initial chamber is distinctly 

visible. To this species, belonging to the group of the plicatw of D'Archiac, I would 

propose, from the name of its discoverer, the specific designation of X. Willcoxi'f 




* These bodies appear to represent a new fo. m of foraminiferal test, but their imperfect preservation pre- 
cludes the possibility of a satisfactory diagnosis. 

f Nummulites WUkaxi: Test regularly rounded, tumid (more especially in the earlier stage), and measuring 
in the largest specimen about J inch in diameter ; external surface distinctly marked by the arcuate, and some- 
what wavy outlines of the septal piolongatious ; volutions alnnit 5, completely enveloping ; septa close set, about 
35-45 in the Inst whorl, and well flexed ; central initial chamber distinctly visible. 

While on further investigation this species may be found to be identical with one of the numerous forms 
described from the nummulitic deposits of Eur-As a, from several of which it scarcely appears to differ, yet in the 
absence of actual specimens with which to institute direct comparisons, and the difficulty that attaches to the 
specific determination of this class of organisms, I have preferred to follow the safer course, and to desci ibe it as 
distinct. According to Carpenter, Kitjhen Parker and Rup. rt Jones, all the various ** specifically distinct" 
forms dcstiibed as belonging to the subgenus (or genus), Nummuiina, of which, up to 1853, 55 were recognized 
by D'Archiac and Ilaime, are referable to a single species, which is consequently co extensive with the ginus 
(Carpenter, ^introduction to the study of the Foraminifera," Ray Soc. Rep., 1862, pp. 273-4). 
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As to the age of the formation represented by these nummnlitic deposits, there 
might appear to be at first sight no question of doubt. The presence alone of 
Nummulites in any formation is almost positive indication as to the Eocene or Oligo- 
cene age of that formation, and the more especially when the remains of these 
organisms occur in any abundance.* Admitting the supposition of this age, we should 
naturally look to the associated fossils for further confirmatory evidence bearing on 
this point, Singularly enough in the case of the Florida nummulitic rocks — at least 
in the fragments that have been placed at my disposal — ^^vith very few exceptions all 
the moUuscan remains belong to a period much more recent than the Eocene, and to 
species that are still living at the present day. And whtit ma'y appear still more 
singular, they are referable in principal part to land and fresh- water genera — Glandina^ 
PahuUna^ Ampullaria.'f From this association, and the circumstance that Nummu- 
lites are still .met with in existing seas,{ it might readily be inferred that there has 
been here a co mingling of contemporaneous marine and fresh- water organisms, and 
that the deposits in question were laid down under such conditions — proximity to 
the mouth of a river — where a co-mingling of tJiis kind could take place. Indeed, it 
would be difficult from paleontological evidence alone to disprove such an assumption, 
were it not that almost incontrovertible proof to the contrary, in addition to that 
furnished by the abundance of Nummulites, is afibrded in the presence of the remains 
of Orhitoifles,^ a genus which attained its greatest development in the upper Eocene 
(" Nummulitic ") and Oligocene periods, and which does not appear to have survived 
the Miocene. There can, therefore, be little or no doubt that the rock fragments 
marked by this admixture of an older and newer (post-Pliocene or recent) fauna, 
and comprising both marine and fresh-water types of organisms, have derived their 
faunal characters in great part from the deposits of a more ancient formation, which 
formation represents, and is the equivalent of, a portion of the European " Nummu- 
litic " (whether Eocene or Oligocene). The exact locality or localities which these 
Florida nummulitic deposits occupy in situ has not yet been ascertained, but it is fair 
to assume that the beds lie along the Gulf border (possibly in great part submerged), 
where, through the disintegrating action of the oceanic surf, their fragments have at 
a comparatively recent period been washed together with the material that at the 
same time was being carried out by the fresh-water streams. The precise position 
which the formation holds in the nummulitic scale as fixed by Hantken or La Harpe 
{Etudes sur Ie9 Nummulites du ComtS de Nice^ Bull, de la Soc. Vaud. des Sc. Nat., 

* Nummulites aro excessively rare in deposits newer (Miocene or Pliocene) than the Oligocene. 

t The recent species Olandina parallela^ Paluditia {Vimp'irn) Waltonii (Tryon), and AmpuUaria depressa 
have been identified by Mr. Tryon. 

X Very rare ; all the forms are referable to the type N. planulatus (Carpenter, op, cit,, p. 275 ; Zittel, Rand- 
buch der Paldontologie, vol. 1, part 1, p. 100, 1876), of the same group {plicatcB; radiatcB of Carpenter) to which 
iV. Willcoxi belongs, 

% Resembling in outline the European 0. ephippium. 
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vol. xvi, pp. 223-4, 1879), cannot be positively determined from our present data, 
since exceptionally the group of the Nummulites pUccUce is represented as well in the 
oldest as in the newest of the Tertiary deposits marked by the members of this class 
of organisms. 

FiauRES. Nummulites WiUcoxi, 

If Natural size ; 2, Same, enlarged. 

Note. — Mr. Joseph "Willcox has, more recently found the Nummulites Willooxl^ 
Heilpr., in situ, in- rock masses situated some fifteen miles to the northeast of the 
locality on the Cheeshowiska River, whence the species was originally described, and 
at an elevation of not less than 150 feet above the level of the sea. The existence of 
a true nummulitic basement formation in the State of Florida is thus placed beyond 
question, and, doubtless, the same will be found to have a very considerable extension 
inward. A second and very much larger form of Nummulite, measuring between 
one-third and one-half of an inch in diameter, occurs associated with the ^V. WiUcoxi ; 
in it the whorls expand very rapidly m size, and the septa, in addition to being com. 
paratively more numerous, are considerably more flexed than in the commoner 
species. Among other foraminiferal remains, not hitherto recognized, I believe, as 
occurring in the United States Tertiaries, which I have been enabled to detect in the 
Hernando County rocks, are individuals belonging to the genera Heterostegina, 
Sphceroidina, Biloculina (.^), Triloculina, Quinqueloculina, and Spiroloculina. The 
genus Orhitoides is very abundantly represented in two or more species, one of which, 
the 0. ephippium (0. sella), appears pre-eminent for its large size. The great develop- 
ment of this species, irrespective of all other evidence, would almost be sufficient of 
itself to determine the age (Oligocene) of the rock formation in which it occurs. 
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V. 

A COMPARISON OF THE TERTIARY MOLLUSCA OP THE SOUTHEASTERN 
UNITED STATES AND WESTERN EUROPE IN RELATION TO THE 

DETERMINATION OF IDENTICAL FORMS. 

The study of the fauna, whether extinct or living, of any country resolves itself 
into two distinct methods of investigation, the general and the comparative. In the 
general method we look upon an assemblage or community of animal forms as consti- 
tuting an integral part of the country it characterizes, and then we consider it 
only in relation to that country and to itself (the animal forms inter se). In the 
second or comparative method we no longer regard this community as constituting a 
whole or unit, but merely as a part of a more extensive community, and we now view 
it in the relation of a part to a whole. This comparative system of investigation, 
which, it will be manifest, involves a thorough general acquaintance with all or most 
extraneous faunae as well as the one under special consideration, is one of great diffi- 
culty, and one that requires more than an ordinary amount of acumen in its pursuit, 
for in the broad facts of geographical distribution are connected some of the profoundest 
biological and physical problems. The study of comparative or geographical zoology 
constitutes one of the essential factors of biological science, for without a true under- 
standing of the general affinities of scattered groups of animals our conception of the 
organic universe would be one of disjointed parts instead of a continuous whole. We 
know, in fact, little of a whole unless we comprehend its relation to its component parts,, 
and jyer contra^ we know little of a part unless we understand the relation it bears to 
the whole. 

The subject of geographical distribution in its bearings on geology, whether con- 
sidered in its broader sense as pertaining to groups, or in the more limited sense as 
pertaining to the individuals composing those groups, cannot be over-estimated. It 
is by the recurrence over broad or scattered areas of certain related animal types, and 
frequently even over the most remote areas of identical specific forms, that the paleon- 
tologist is enabled to arrange and classify his strata. One single well-determined fossil 
will, in the absence of further data, frequently determine approximately, and some^ 
times exactly, certain geological horizons, and although, perhaps, in most cases it 
would still be impossible from the correspondence or divergence of organic forms to 
determine with absoluteness how closely in the matter of time two or more geological 
formations may be connected with, or separated from, each other, yet in the identity 
of such forms alone are we afforded the means of making a near comparison. The 
correct determination, therefore, of all organic remains is a matter of the greatest 
importance. 
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rnfortiiTiJit/'ly for the dfrvrlopmerit of the sciem:c, the doctrine that identical 
H\}4U'\fi(: forffis rannot, or oiif^ht not, ocrjiir over widely «eparati:*d areas has taken root 
in i\nr minrN of a few of th^.* most eminent .srnentific investigators, the l>aneful effects 
of whov ;jiitliority in relation to this special line of research will be encountered by 
tlu- HUvU'iit at almost evr-ry step in his investigations. The science of geoijraphical 
ymleontology, at ]f?a«t as far as tlie invertebrata are concerned, may be said to be in 
this country *»ti]l in a state of infancy, a circumstance partly due to the limited number 
of workers in the field, and partly to the influences just stated. 

I liavf; cndf-avored in the following pages to sumriiarize as nearly as possible the 
rrrsults obtJiinrrd from a series of comjwrisons l>etween the Tertiarj^ moUusca of Western 
Kurope and thosi? of the SoutheastcTU United States, undertaken with the view of 
determining with a certain amount of precision the number of identical and ver\' 
nearly related spr*cies. My comparisons were in a number of cases made between 
actUJil spfciniens, and those mainly dcfterniined in the localities to which they belong; 
whcK; no specimens could \n* obtained 1 was compelled to content myself with the 
various analyses of the d(»8criptions of figures afforded by the works of the most com- 
]M;tent autlK^nties. 'J'he result shows a far greater intimate relationship to exist 
b(?tween thr? two faimjc than one might have been led to suppose from an examination 
of thci lists that have heretofore been published. 

Eocene. 

' In tlie '('lu^ck List" of Mr. (-onrad, published by the Smithsonian Institution 
in lH()(i, only about five; Kp(?ci(js an; enumerated as common to the Eoc?ne deposits 
of both sli()r(!s of the Atlantic, viz.: Ostrea {Gryphoatred) eversa^ Deshayes; Curdita 
jdnnifumlii^ I /am.;'? I^Ik^tkh {^OuvaUis) extenaun^ Sow.; Ilipjjocrene^ columbaria^ Defr., 
and ({) Valuta {VoludiithrH) rrnttafa^ Dnsh. In addition to these Conrad enumerated 
in IHUII ("Fossil Shells of the tertiary Formations," p. 34) the following: 
Solar htm patalnm^ Lam. ; S, ranalinulatvin^ Lam. ; Bttlimjfa (Niso) ferebellatiia^ Lam.; 
SiijarefitH nihaliialalaa^ Sow.; Calyj^frwa {Trcchiia) trocM/ormia^ Lam.; Pyrvla 
triraritiafa^ Iaixu. ; Ar tenia tritjot' a^ laiiin, ; Cyi/terea erycinoidea^ Lam.; C, auLeiyv- 
voidvH, Desh. ; ('Orhla hnnelloaa^ Lam., and Flatalana elongata^ Desh., most of which 
on examination ])rov(? to be as well American as European forms. In the Appendix 
to Morton's Synopsis (" Synopsis of the Organic Remains of the Cretaceous Group," 
18J)I) only six European spc^cic^s are recognized as occurring in the American forma- 
tion : Solarium raualiculatam^ Lam. ; /& jifttnltun. Lam. ; Bulim^na lerebellatita^ Lam. ; 
Cttrdita planiroMfa, Lam ; (hr/na lavwlloaa^ Lam., and Fiattdana elovgata^ Desh. In 
the list published by Conrad in 1846 (Amer. Journ. Science, 2d ser., vol. i, p. 219), 
of the jmceding enumerations only two species are retained as being ''analogous" 
to trans-.\tlanti(^ forms, Cytlierea Mortoni^ Con. {Cylherea eryciuoidea^ Lam., and C. 
Hubrrydnoidiw, Desh.) and Avicala limula^ Con. {A. trigrma^ Lam), but in addition 
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we have five new ones catalogued: Cardita Bhindingi^ Con. ((7. acutlcosta^ Lam.), C. 
rotunda^ Lea. ((7. asperida^ Desh.); Cardium NicoUeti^ Con. ((7. senngranoaum 
[ — gramdatum\ Sow.) ; Tarritella Mortoni^ Con. (= ?), and Rostellaria htqueafa^ Con. 
(R. fissnrdia,, Lam.). Finally, all species considered identical prior to 1866 are 
rejected as such with one exception {Cardita ^lanicoatu) in the Smithsonian List. 
The reasons for so doing, which, in the majority of cases, I believe, are not stated, 
appear to me incomprehensible. 

In the introduction to his " Contributions to Geology," 1833, p. 19, Mr. Lea states 
that he is " not perfectly satisfied that a single species is strictly analogous to those 

from the Eocene Period of Europe ," but in a note (pp. 207, 208) makes 

the following comparisons: PoMthea umhilicata^ Lea, with Bulimns terebeUattis^ Lam.; 
Vensncardia rohinda^ Lea, with V, sqtmmosa^ Lam. ; Pectimcidtis obliqua [tins)^ Lea, 
with P. nantfs^ Desh.; Osfrea divarhafa^ Lea, with 0. flahelluJa^ Lam.; and Solert 
Blainvdlii^ Lea, with Solen effvsus^ Lam. 

In the " Proceedings " of the Academy of Natural Sciences of Philadelphia for 
1879 (pp. 217-25) I have instituted a number of comparisons between American and 
European Eocene forms, which are here reproduced with emendations and additions ; 
and in the same journal for 1884 (pp. 104-12) Dr. Otto Meyer identifies a few 
additional species. The list herewith appended will, I trust, materially increase our 
knowledge of the interesting subject of relationship and geographical distribution. 

OsTREA C0MPRE8S1R0STRA, Say. Joum. A. N. S., iv, p. 132. 

It appears to me very doubtful whether the character of the beaks pointed out by 
Say (J A. N. S., iv, p. 133) to distinguish this species from the 0. BeUovacina^ Lam., 
is a constant one or not, and I have therefore some hesitation in recognizing the form 
as a distinct species. The beaks of 0. compressiroatra certainly do appear more com- 
pressed than is indicated in the majority of figures representing the European oyster, 
but at least some of the specimens in the Academy's collection of 0. Bellovacina {var. 
eduUun)^ from the " London Clay " of Bognor, have the beaks undistinguishable from 
those of the American species. 

The want of specimens with which to make the proper comparisons, and the 
difficulties that attach to the determination of the species of Oatreidce^ prevent me 
from expressing a definite opinion as to the relationship of the two forms, although I 
strongly incline to the opinion that they are only varieties of one and the same species. 
The figures of 0, Bellovacina^ as given by S. Wood in his monograph of the Eocene 
Mollusca (Palaeont. 8oc. Reports, 1861, pi. vii, figs. 3, a, 6, c), accord almost perfectly 
with tlie American oyster. The oyster found by Lyall in the "Grove," about 17 
miles north of Charleston, S. C, and which appeared to him " undistinguishable from 
0. Bellovojcina " ( Journ. GeoL Soc. London, i, p. 433), is probably the 0. Carolinensis^ 
Conrad, a form very closely allied to 0. compressirostra. 
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Obtbea pivaricata, Lea. " Contributions to Geology," p. 90, pi. 3, fig. 69. 
0. falciformis^ Conrad. 

Tills oyster is referred without doubt both by Nyst (^^ Ci)quille8 et Pbly piers 
Ffjssilesj^ 1843, p. 323) and Giebel {Repertorium to Goldfiiss' "^^ Petrefouda Gtnnanice^^^ 
1866, p. 41) to the Cflahellula of Lamarck, which it certainly very closely resembles, 
and which is a very variable, and one of the most widely diffused forms of fossil 
oyster. It is cited by d'Orbigny {Prodr. de Paleon.) as occurring at Claiborne, Ala., 
and by Deshayes (Animaiu^ s. Vertebr., Bdssin de Paris) also at Cutch in India and 
Cairo in Egjpt. 

Pbcten Desiiatesii, Lea. " Contributions to Geology," p. 87. 
r, Lyelli^ Lea. *' Contr. to GeoL," p. 88 (young). 

Both of Lea's figured specimens are in the Academy's collection, and show beyond 
doubt that they belong to one and the same sj^ecies, what there is of P. Lf/el/i corres- 
ponding precisely to the earlier formed portion of P. Deshay^sii. This last must be 
carefully distinguished from the P. Desliayesii of Nyst {^'Ccqu. et Polyp. Fo^s.^^^ p. 
288), which was founded on the erroneous supposition that Lea's species was only a 
variety of P. opercularis^ Lam. ; a new specific name should therefore be given to the 
Belgian Pecten. 

Cardita rotunda, Lea. Contr., p. 70, pi. 2, fig. 48, as Venericardia, 

From a former comparison of this species with specimens of Cardita imbricata^ 
Lam., from Grigpon, France, it appeared to me as highly probable that the American 
form was at best but a variety of its European analogue, the main difference between 
the two being a tendency in the ribs of (7. imbricita to become more crowded on the 
posterior sloj^e (Proc. Ac. Nat. Sciences, 1879, p. 220). Nyst {^^Goquilles et Poly piers 
Fosnles,^' p. 209) and Bronn (" Index Palceofitologicus^^^ i, p. 2'-^ 6) likewise refer, 
although with some doubt, the American species to the C. imbricata of Lamarck. A 
more favorable opportunity of comparison with numerous specimens from the Paris 
basin has convinced me, however, that although certain specimens from the American 
and French formations were but barely distinguishable from each other, there was, 
nevertheless, a certain constancy in the difference between the vast majority of the 
trans- Atlantic forms. The ribs of C. imbrir-ata^ besides, as above stated, being more 
crowded on the posterior slope, usually number 30-32, whereas in C. rotunda they 
rarely exceed 26. The anterior cardinal tooth in the left valve of the European form 
is considerably more oblique than in the American, and the inter-dental space corres- 
pondingly narrower. The lunulc, which is deeply sunk, and scarcely visible in C. 
imbricata^ is cordate, and prominently defined in C rotunda. Cardita {Venericardia) 
squamosa^ Lam., with which species the comparison is made by Lea (-'Contributions," 
Note, p. 207), besides differing in other respects, has only 18-20 ribs (Deshayes, 
^^Cajnilles FossUes^ Environs de Paris^^ i, p. 157.) 
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Cardita planicosta, Lamk. 

This species of Cardita, which is so extensively distributed over the Eocene 
deposits of Europe, is certainly identical with the similar forms of Cardita found in 
the same formation of the United States. Lea (Cont., p. 19) states that according to 
his observations the American species differs from the European in the number of 
its costae (about 29 instead of 34), but on an examination of numerous French 
specimens I found the number to be frequently only 29. The distinctive character 
applied by Conrad to Cardita denrafa (J. A. N. S., 2d ser., i, p. 130) of having 
crenulations on the umbones is possessed by many specimens of both the European 
and American C. planicosta that have come under my notice. 

Cardium NicoLLETi, Conrad. J. A. N. S., viii, p. 190. 

This Cardium is, I believe, identical with the C. semigranulatum of Sowerby 
(Mineral Conchology, ii, p. 99). It does not differ from a species of Cardium in the 
Academy Museum marked ^^C. semistriatum, London Clay," but as the C semistri' 
ainm, Deshayes, differs, according to the description of its author, in the arrangement 
of its granulated striae from the specimen in question marked aemiatriatum^ and as the 
last agrees in characters with the description accorded by Sowerby to C. semigranulatum^ 
it is highly probable that the names have been simply interchanged. 

CoRBis (Gafrarium) LiRATA, Coii. A. J. Science, i, 2d ser., p. 401. 

This species was originally described by Conrad as the C lamellosa. Lam., with 
the characters of which it was found to agree in all essential respects. I have been 
unable to note any material difference between the two species in question, and do 
not hesitate, after an examination of a number of specimens representing Lamarck's 
type, to unite the two under the one specific name of lameUosa. 

Arca onochela, Rogers (Latiarca). 

Tran«. Am. Phil. Soc, 1839, p. 372, as Cucullxa. 

Latiarca idonea, Conr. Proc. A. N. S., 1872, p. 53 (no locality). 

This species appears to be very closely related to, if not identical with, the 
CiumllcBa crassatina of Lamarck, from the lower Soissonnais sands of the Paris basin, 
and, possibly, also from the British Bognor rock. 

Pectunculus. 

After a careful examination of the figures and descriptions of the various species 
of Pecturuiulua found in the Eocene deposits of France, England, Belgium and Ger- 
many, I have found it impossible to determine with any amount of certainty whether 
the two most typical American species, P. stamineus and P. idoneus^ are representa- 
tive European forms, or whether they are to be regarded as distinct species. This 
difficulty in determination, which is partly due to the very great similarity existing 
between the numerous species, as well as to the inconstancy of character exhibited by 
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them, has been greatly increased by a want of actual specimens for comparison, and 
by the very great confusion already existing in the scientific literature concerning this 
most difficult genus. P. sfaminetia ajipears to be distinct, but P. idonetus^ at least in 
the younger forms, is but barely distinguishable from certain specimens in the 
Academy collection marked "P. 2)ulvinatu8^ Lam., London Clay, Bracklesham, 
Sussex," differing only in being slightly less ventricose. The English specimens 
correspond to what has been separated by Searles Wood from P. pahimUus as F, 
proximm ('-Monograph of the Eocene MoUusca," Pahront. Soc. Rep., 1864, p. 99). 
The more ventricose specimens of P. idoiteiis, on the other hand, those which have 
the cardinal region comparatively more elevated, bear a most striking resemblance to 
I\ polymorph us ^ Uesh. (var. mitTosomus^ ^'Anim, s. Verttbr.^ B^issin de Paris^^^ p. 857), 
from which, in fact, if they differ at all, they appear to differ only in having the 
umboncs further removed from each other. 

LiMOPSis AVICUL01DE8, Conr. Fobs. Shells of Tert. Form., p. 39, as Pectunculus. 
Pectuncuhis obliquuSj Lea. 

This species, which has been allied by Bronn (Index Palceontolojiciis^ ii, p. 936) 
with Limopsia nana of Deshayes, differs very materially from that species in the 
greater elevation of the umbones and cardinal region. From the TrigonocceHa 
aurif aides ^ Galeotti, to which it is compared by Nyst (Carpi , et Polyp, Fass,^ p. 243), 
it differs in its far greater obliquity, and in not having the external surface as regularly 
decussated as that species. It may at once be distinguished from the Limapsis anrita 
of Sassi (Area aurita^ Brocchi, Canchialogia Fassile Sahapennina^ ii, p. 485) by the 
crenulated margin. Its nearest representative appears to be the Pectunculus 
(Limapsis) minxitvs^ Philippi (Enumeratia Molhiscorum Sicilio'^ p. 63), from the 
newest Tertiary deposits of Sicily, from which, in fact, it is but barely distinguishable 
by its greater obliquity, and in being slightly less ventricose. The Sicilian Pecturv- 
cultts minutiis (more properly P. Retmrardtii^ Cantraine (teste Nyst, Coqu. et Polyp, 
Foss.'^ pp. 240, 244), must be carefully distinguished from the P. minvtus of Goldfuss 
(Petrefada Germanice^ p. 163), described from Biinde, Westphalia, and Kleyn Spauwen, 
Belgium, and from the P. minuhis^ Philippi (Beitrage zur Kentniss der Terticer- 
versfeinerungen des Nordirestliche^i DeutscJdands^ 1843, p. 14, nan Enumeratia Mollusc. 
Sicilian), from the surroundings of Cassel. These two are the Triganaccelia Galdfussi 
of Nyst (Coqu, tt Polyp. Foss.^ p. 243), an abundant Eocene (Oligocene?) species of 
Belgium. 

LiMOPSis ELLIPSIS, Lea. Contr., p. 78, pi. 3, fig. 56, as Pectunculus, 

Whatever may be the value of the generic characters of Sialagmium^ as estab- 
lished by Conrad, it appears to me as positive that the present species and 
Stalagmmm Nystv\ Galeotti (Nyst, Ctqic et Polyp. Fass,^ p 238), belong to one and 
the same genus, for although in most of the specimens of the American species the 
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posterior series of teeth does not exhibit that peculiarity to mount urder the umbo 
and there break the continuity of the double series, as is pointed out by Nyst, other 
specimens, again, do manifest that tendency to a very marked degree. The similarity 
between the two species is, in fact, most striking, and at first sight one might be 
readily led to mistake the one for the other. Close comparison, however, shows that 
the umbones in the Belgium species to be considerably in advance of those of the 
American, and that whereas in S. NjjHtii the number of teeth in the anterior series is 
stated (Nyst) to be only 9, in the American species, on the other hand, it rarely falls 
below 12 (12-16 posterior). 

Trioonoc(ELTa ccneus, Conr. J. A. N. S., 2d ser., iv, p. 297, as Limopsis, 
Nucula carinifera, Lea. Contr., p. 198. 

This species so closely resembles, especially in the immature form, its European 
analogue, the Nucula (Trigonocoelia) deWndea^ Lam., that it becomes a matter of con- 
siderable difficulty to determine any positive characters by which to distinguish the 
two species The American species attains a considerably larger size than any 
English or French specimens of the T. (leHoicfea that have come under my notice, and 
the angle on the umbonal slope has less the aspect of a carination than in the 
European species (compared with specimens from the London Clay and the Paris 
basin). I have been unable to detect the diflferences stated to exist between the 
English and French forms of 7\ deUoitlea (Searles Wood, " Monograph of the Eocene 
MolUisca," Palaeontographical Society Reports, 1864, p. 106). 

CoRBULA ONiscus, Conr. A. J. Science, xxiii, p. 341. 
C. Murchisonii^ Lea. Contr., p. 46. 

This common American species is erroneously referred by Nyst ( Coqa. et Pdyp- 
Fa<^8., p. 65) to the C, glbba^ Olivi, sp., instead of to C. rvgosa^ Lam., with the 
character of which last it appears to agree in all essential respects. We do not 
understand what is intended by the statement of Deshayes {Encycl. Meth. Vers,^ ii, p. 
10, Coqu. Fossil^s^ i, p. 51), that the C, ruyosa never becomes rostrated posteriorly, 
when his figures {Coqu, i^a?«., pi. 7, figs. 16, 17, 22) distinctly show it to be so. 
The American species, as in the case of the French, frequently resolves itself into two 
distinct layers, the inner of which may readily be mistaken for a new species {O. 
bicosfafa ? Nyst). 

Cytiierea Mortont, Conr. J. A. N. S., vii, p. 150. 

This sy)ecies, which was originally confounded by Conrad (" Fossil Shells of the 
Tertiary Formations," 1st ed., p. 34) with the C. erycinoides^ Lam., and C, subery^ 
cinoidcs^ Deshayes, differs from the former in being a considerably smaller shell, in 
having the ribs (50-60 in number) much more crowded and comparatively less robust 
and in the sinual inflection, which is narrow and parallel sided, pointing obUqucly 
upwards at an angle of about 45 degrees. In (7. erydnoidea the sinual angle is about 
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35 degrees, and the sini^s broad and frequently expanding intermediably between the 
proximal and distal ends. (Compared, with specimens from Bordeaux.) C. avhery* 
cvnoides^ Deshayes, which in form, size and the general disposition of the ribs, very 
closely resembles the American species, differs in the structure and arrangement of 
the cardinal teeth, the posterior tooth being bifid, and the anterior one diverging very 
broadly from the one in the centre, instead of more or less following the general curve 
of the latter (Deshayes, ''CoquiUes Fossiles^'' i, p. 129). 

PsAMMOBiA EBOREA, Conr. Poss. Shells of Tert., Ist ed., p. 42. 
Solecurtus Blainmllei^ Lea. Contr., p. 49. 

This species so closely approaches Sartfjuwolaria compresaa^ Sowerby (Mineral 
Conch., V, p. 91, pi. cccclxii), that the two may at first sight readily be mistaken the 
one for the other. Careful examination of the London Clay species, however, shows 
that the anterior of the two radiating lines on the external surface of the valves cuts 
the bases of those valves invariably at about their middle ; whereas, in P. ehorea the 
same line just as invariably cuts the base in about its last third. Were it not that I 
have found this character to be constant in all the specimens and figures of the two 
species I have been able to compare, I would not hesitate in considering the two as 
simple varieties of the same species. 

Bronn's reference [Index PalcBont^ ii, p. 1154) of Lea's SoltcuHvs Blainvdlei to 
Sowerby's species is erroneous. Both Bronn {loc. dt.) and Nyst {Coqii. et PoJyp.^p. 
49) refer the Sanguinolaria compresaa to the genus Solecurtiis^ a supposition probably 
partially based upon Sowerby's statement that the species belongs to the genus Azor 
of Leach. I cannot discover wherein it differs from Psammobia^ and do not hesitate 
to place it with Charlesworth (MSS. Catalogue Charlesworth Collection, Ac. N. S.) 
in that genus. 

Trochita TBOcmFORMis, Lea. Contr., p. 96, pi. 3, fig. 76. 

This species, described as new by Mr. Lea in 1833, is synonymous with T. 
( Cahjptrcea) trochiformia of Lamarck ( Trochus apertus^ Brand ). 

Cylichna oalba, Conr. Foes. Shells of Tert., p. 34, as Volvaria. 
(Bulla St, Hillairii, Lea.) 

This species appears to me to be erroneously referred by Bronn to Bulla constrictay 
Sow. (Miner. Conch., vol. v, p. 96), as Sowerby's species has no fold on the columella 
— at least, no mention is made of it in his description, nor does it appear in his figure, 
or in specimens that I have examined coming from the London Clay. 

ToRNATELLA (AcTiEON) POMILTA, Conr. Poss. Shells of Tert., p. 45. 

Actseon punctatus. Lea. 

Monoptygma eleganSj Lea. 
= Tomatella inflata f F^russac. 
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ToRNATELLA (ToRNATELLiEA) BELLA, Conr. J. A. N. S., 2d scr., iv, p. 294. 

On comparing T. bella with Sowerby's description and figures of Auiicula 
(Actceon) aimulata {Bulla simulata^ Brander), as well as wth a specimen of the 
London Clay fossil from Barton, England, I was unable to discover any appreciable 
difference between the two, and have accordingly united them into one species. 

Brander's figure {FosdUa Hantoniensia^ pi. iv, fig. 61), as pointed out by Sowerby 
(Mineral Conchology, ii, p. 144), has the spire more elevated than is actually shown 
by the specimens, a remark which is equally just when applied to a comparison with 
the American species. 

Solarium ornatum, Lea. Contr., p. 120. 

This species is placed without doubt by Bronn {Index Palceontologicm^ p. 1153) 
as synonymous with Lamarck's S. candliculatum {S. stramineum). If the Solarium 
figured and described by Sowerby in the '' Mineral Conchology " (vi, p. 43, pi. 524, 
fig 1), from Barton Cliff, be a true S. canaliculatum^ then, in all probability, must 
the American S, omattim be considered as forming a part of the same species, as I 
can find no characters by which to distinguish the two. Both appear to differ some- 
what from the French form in the general disposition of the granulated striae on the 
upper surface. 

The S. canaliculatum was originally stated by Conrad (Foss. Shells of Tert., 2d 
ed., p. 34) to occur in the Alabama Eocene deposits, and the same was subsequently 
identified by Lyell (Jour. Geol. Soc. of London, i, p. 442) to be the equivalent form 
of the common species found at Claiborne. 

Niso UMBiLiCATA, Lea. Contr., p. 103, as FaRitkea. 

In a former comparison made between this species and the Bidimus (Nmo) 
tetehellatus of Lamarck, I stated (Proc. A. N. S., 1879, p. 224) that I was 
"unable to detect the slightest difference between specimens obtained from both 
species." I had then overlooked the fact that the French specimens with which the 
comparison had been made, and which were originally considered by Deshayes as a 
mere variety of the well-known Paris species, had been subsequently separated by 
that author into a distinct species, NUo angusia {^^Anim. a. Vertebr." Basain de Paria^ 
ii, p. 547, pi. 36, figs. 23, 24, 25). The American species should therefore equal 
N. angnata^ and not N. terebellata. 

Ptrula tricostata, Deshayes. Coquilles Fossiles, ii, p. 584, Atlas, pL 79, figs. 10, 11. 

Although I have no specimen of Pyrula tricoatata for direct comparison, I have, 
nevertheless, but very little hesitation in referring the Alabama form, to which reference 
is made in the Proceedings of the Academy of Natural Sciences for 1880 (p. 374), to 
that species, as it agrees in all essential respects with the figures and descriptions as 
given by Deshayes in the CoquUlea Foaailea. Three unnamed specimens of a Pyrula 
in the Academy collection from Dax, France, which I believe to be the P. clava 
13 
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(Oligocenc ?) of Bastcrot, somewhat resemble the Alabama species, but are compara- 
tively much more robust, and have the costal nodes and revolving striae considerably 
more developed. 

Ptrula penita, Conr. Foss. Shells of Tert., p. 32. 

P. tricarinata^ Conr. 
P. cancellala, Lea. 
P. elegantissima^ Lea. 

This species is identical with Pyrvla nexUls^ liam. (and var. P. <ncari/ia/a Lam.), 
which is a most variable fossil. Both American and European forms appear in the 
most diverse stages of convexity and angulation. Conrad, although he subsequently 
separated the trans-Atlantic forms into two distinct species, states (Foss. Shells of Tert., 
2d ed., p. 39), " that the variety is not distinct I am assured by comparison of many 
specimens." What new determination, beyond the fact of geographical distribution, 
led to their subsequent separation by the same author, is unknown to me. 

CYPR-ffiDiA FENESTRALis, Conr. Proc. A. N. S., vii, p. 262. 

It appears to me almost beyond doubt that this beautiful species is identical with 
the CyprcPAi elegana of Defiance {Dlciionnaire des Sciences Natureliee^ vol. 43, p. 39 ; 
Deshayes, Coquilles Fissilea^ ii, p. 725, pi. 97, figs. 3, 4, 6, 6; Sowerby, Genera of 
Shells, fig. 7), with which, as far as I have been able to determine by comparison with 
the various figures and descriptions of that species, as well as with a single specimen 
from the Paris basin, it agrees in all essential characters. Conrad states that no 
mention is made by Deshayes of " microscopical regular lines " occurring in G. elegaria^ 
but an examination of the specimen in the Academy collection shows them to be 
present. 

Oliva BOfBYLis, Conr. Foss. Shells of Tert., 2cl ed., p. 42. 
(0. constricta, Lea.) 

Dift'ors from the 0. mitreola^ Lam., in having the plications at base less numerous 
and somewhat less regular, and in wanting the upper of the two impressed revolving 
lines on the body-whorl. In the absence of the line it agrees more closely with 0. 
nitidula, which was separated by Deshayes from the 0. mitreola as a distinct species. 
The 0. cliivtda of Lamarck appears to be verj^ closely related to, if not identical with, 
the American species. 

VoLUTA LiMOPSis, Conr. J. A. N. S., 2d sen, iv, p. 292. 

The V, Umopais corresponds so closely with the F. crennlata, I^am., that 1 feel very 
doubtful as to the propriety of considering it a distinct species. I know, in fact, of no 
positive characters by which to distinguish the two. The only departure from the 
description and figure of the French form as given by Deshayes {Coquilles Fosailea^ 
ii, p. 693, Atlas, pi. 93, figs. 7, 8) that I can indicate, is the greater contraction 
anteriorly of the aperture. In this respect, however, it agrees with the form from the 
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London Clay (F. E. Edwards, " Monograph of the Eocene MoUusca," PaloDont. Soc. 
Reports, 1852, p. 154, pi. xx, fig. 1, a, J), from which, again, it differs [agreeing with 
the Paris form] in the number (3) of the columellar folds. 

Gancellaria tortiplica, Conr. Am. Journ. of Conchol., vol. i, p. 211. 

A comparison of this species with specimens of C. {Buccinum) ermlsa^ Brander 
(from Barton, England) shows the two to be most intimately allied to each other, the 
main difference being that in C. tortipKca the spire is somewhat more slender and 
elevated. As this may be only an accidental feature in the few examples which have 
come under my notice, I feel but little hesitation in uniting the two as one species. 
Bronn and Nyst (p. 477) refer with some doubt the C. parva of Lea to Brander's 
type, but this diminutive Alabama species has only two plaits on the columella instead 
of three, and is destitute of varices. 

SiQARBTUS CANALICULATU8, Sow. Min. Conch., iv, p. 116. 

* 

This shell is mentioned by Conrad (Foss. Shells of Tert., 2d ed., p. 34) as occurring 
at Claiborne, Ala. It is probably identical with S. decKvus and S. billx^ Conr., which 
differ among themselves about as much as they do from the European species. 

TuRBiNELLA (Caricella) Bandoni, Deshayes. 

The large species of Caricella from Knight's Branch, Clarke Co., Ala. (Heilprin, 
Proc. A. N. S., 1880, p. 373), agrees so closely with the figures of Voluta Bandoni^ 
Desh. {Animaitx sans Vert^hres^ Ba^sin de Paris, ii, pi. 102, figs. 13, 14), from the 
Paris basin, that I do not feel justified in considering it distinct. The American form 
appears to have been somewhat more elevated, but this is probably no more than a 
varietal circumstance. 

Fusus (BuLBiFUSus) INAURATTJS, Conr. Foss. Shells of Tert., p. 29. 

This Fnsus, which is doubtfully referred by Bronn {Index Paldeontdogicvs^ i, p. 
612) to the F. ficulneus of Lamarck, appears to hold an intermediate position between 
that species and F. hidhiformis. Lam. It agrees with F. ficulneus in the long and 
sharply reflected (sigmoid) apertural canal, but diflfers in the total absence of nodular 
ribs, even on the primitive whorls, those above the body-whorl being simply crenulated 
on their basal margins. The lengthy canal suffices to distinguish it from F. bidbifoi-mis^ 
with which, on the other hand, it agrees in the general absence of ornamentation on 
the whorls. 

Fusus (Clavella) pachylburus, Conr. J. A. N. S., viii, p. 190. 

This species closely resembles the F. clavellatus of Lamarck {Annates du Museum, 
ii, p. 317; Desh., Anim. s. Vert^hr., 2d ed., ix, p. 481), and although the largest 
specimen in the Academy collection considerably exceeds in size the specimen of 
F. clavellatus figured in the EncyclopSdie (pi. 426, figs. 1 a, 6, 2 a, 6), it may never- 
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theless, as in the case of that species, prove to be the undeveloped stage of a species 
which in the adult form more nearly resembles the well-known F. longcBVua of the 
European Eocene deposits. 

Fusus (Strepsidura) subsgalartnus, Heilprin. Proc. A. N. S., 1880, p. 3Y2. 

This species greatly resembles the Fusus scalarinus of Deshayes {Coquilles Fosdles^ 
ii, p. 574, pi. Ixxiii, figs. 27, 28), but may be distinguished by the lesser prominence 
of its costae, and by the presence of well-defined striae over the entire surface of the 
whorls. In this last respect, as well as in the subangulated form of the whorls, it also 
differs from the Fusvs scalari/ormis, Nyst ( Coquilles et Polypiers Fosailes^ p. 604, pi. 
xl, figs. 5 a, 6), from Lethen, Belgium. 

Pleurotoma denticula, Bast. Descrip. G^ol. du Bass. Ter. Sud-ouest de la France, 1855, p. 63. 

On a comparison of specimens of the P. nodo^arinata^ Gabb (J. A. N. S., 2d 
series, vol. iv., p. 379), with the exhaustive analysis of the above species as given by 
Mr. F. E. Edwards in his " Monograph of the Eocene MoUusca " of England (Reports 
of the Palaeontographical Society), I feel no hesitation in including it among the 
numerous varieties of Basterot's species. No mention is made by Gabb of a division 
of the central crenulation into a double series, but at least some of the specimens 
deposited in the Academy Museum, and marked with his specific name, show this 
feature distinctly. The P. deniicula is a very widely distributed species of Pleurotoma^ 
its range in Europe extending from England through Belgium (Nyst, " Coqu. et Pol. 
Fo88,^^^ p. 526) and France (Basterot, sup.; Grateloup ^""Concliyl. Foss. des Terr. Ter.^^ 
atlas, pi. 11 [20] fig. 8) to North Italy (Bellardi, ^'Monog. Pleural. Fo^s. del Piem.^'* 
Memorie della Reale Accademia di Torino^ 2d ser., vol. ix, p. 676). This species 
corresponds probably to some extent with Sowerby's P. comma. Unquestionable 
specimens of P. defiticala from the Eocene of Alabama are to be found in the American 
Museum of Natural History of New York. Dr. Otto Meyer, who has recently made 
direct comparisons between the Claiborne form and specimens from the German 
Sternberger Oligocene, confirms my determination of identity (Proc. A. N. S., 1884, 
p. 107). 

Pleurotoma acuminata, Sowerby. Min. Conch., ii, p. 105. 

In the Proceedings of the Academy of Natural Sciences of Philadelphia for 1880 
(p. 374) I have indicated the probable presence of this species in the Eocene deposits 
of Clarke Co., Alabama. 

Mesostoma ruqosa, Heilprin. Proc. A. N. S., Oct., 1819. 

This species might readily be mistaken for the M. grata^ Desh. (Anim. s. Vert^br. 
ii, p. 418), of the Paris basin, from which it differs only in the greater number of its 
revolving ridges. 
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CsBiTHiUM TBiLiNBATUM, Phil. Enum. Mollusc. SiciLj i, p. 195. 

Dr. Otto Meyer (Proc. A N. S., 1884, p. 105) recognizes this rather common 
European species in the Terebra constricta of H. C. Lea (Am. Joum. Science, xi, p. 
100, pi. 1, fig. 18), described from the Eocene deposits of Claiborne, Ala. He also 
unites with it the recent G. terebralis of Adanson. 

Melania Claibobnensis, Heilprin. Proc. A. N. S., Oct., 1819, 

This diminutive Mela^iva^ which, to my knowledge, constitutes the only essentially 
fresh-water gasteropod found to the present time in the Claiborne marine formation, 
cannot in its characters be readily distinguished from the M. mixta^ Desh., of the 
Paris basin (description and fig. in Deshayes, Animmix s. Vert). Having observed but 
one specimen, and not wishing to definitely deduce its affinities from the characters 
drawn from a single example, I have provisionally applied to the American shell the 
specific name which it bears above. 

Oligocene. 

OsTBEA Geobqiana, Conf. J. A. N. 3., vii, p. 156. 

I should not be surprised if on comparison with European specimens this species 
would be found to be only a variety of the 0. crassissima of Lamarck, a common 
Miocene form. The resemblance to the figures of that species is very great, and if 
the American oyster does not assume quite the ponderous proportions of its European 
congener, the circumstance may be due to local causes, such as crowding. Conrad 
states that this species attains a length of 22 inches. 

Miocene. 

Obtbea Vibginica, Gmelin. 

0. Virginianay Lamarok. 

A fossil oyster from the faluns of Touraine (also from the vicinity of Bordeaux) is 
recognized by Dujardin (Mem. Soc. OSol. de France^ ii, p. 271) as being identical 
with the common form of our Atlantic coast 

Anomia £PHn>PiuM, Linn. 

This recent species, which occurs in the Miocene deposits of North and South 
Carolina, is in some variety or other of its several forms found very abundantly in 
the Coralline Crag of Britain (Wood, " Crag Mollusca " [Palaeont. Soc. Reports], ii, p. 
8). It is also identified by Brocchi as belonging to the Pliocene (sub-Apennine) beds 
of Italy. 

PSBNA MAXILLATA, Lam. 

Perna torta^ Say. 

Pema maxillata, Lam. Conrad, Fobs. Med. Tert., p. 54, pi. xxviu 

( V. ant. J p. IS.) 

I am satisfied of the thorough identity of the American and European form of 
Pema here referred to. 
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Mytilus (Myoconcha) inotjrva, Conr. Fosb. Med. Tert., p. 52, pi. xxviii, fig. L 
( 7. ant, p. IS.) 
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NvcuLA OBLiQUA, Say. Am. Journ. Science, ii, p. 46. 
NucuLA PROXiMA, Say. J. A. N. S., ii, p. 210. 



In the article " On the Relative Ages and Classification of the Post-Eocene Tertiary 
Deposits of the Atlantic Slope " I considered these two species as equivalents of each 
other. I am not positive whether this determination is a correct one, as unfortunately 
the want of illustrations to Say's descriptions renders a certain recognition of his forms, 
in the absence of type specimens, impossible. One form of Nucula^ in all likelihood 
the N. obliqim of Say, occurs associated with N. proxima which is very much more 
oblique than that species, but not improbably it will prove to be only a variety passing 
into the other form by insensible gradations. Both Tryon (" American Marine Con- 
chology," p. 180) and Gwyn Jeffreys (" MoUusca of Europe compared with those of 
Eastern North America," Ann. and Mag. Nat. Hist., Oct. 1872, p. 240) consider the 
N. proxima^ also recent on the American coast, as distinct from the common N. nucleus 
of Europe (recent and fossil) ; for my own part I have not yet been able to determine 
any absolute characters by which to separate them, nor have I been able to detect 
the characters indicated by Say as possibly distinguishing the two. The decidedly 
oblique forms most resemble the N. trigonula of Wood, which not improbably is also 
referable to N. nucleus ( Tide Wood, Supplement to '' Crag MoUusca," p 113). 

LuciNA CONTRACTA, Say. J. A. N. S., iv, p. 145- 

L, filosa, Stimpson. Shells of New England, p. IT. 

This species is identical with the Lucma borealis of Linnaeus. 
LuciNA CBENULATA, Conr. Foss. Med. Tert., p. 39. 

This species is considered by Searles Wood (" Crag Mollusca," ii, p. 141) to be the 
probable equivalent of his own species of the same name, from the Coralline Crag 
of Sutton. Not having a specimen of the British fossil with which to make a 
comparison, I cannot pronounce upon this determination, but certainly the resemblance 
between the two forms is very striking. 

LuciNA SQUAMOSA, Lamarck. 

L. speciosa, Rogers. Trans. Am. Phil. See, new ser., v, p. 333. 
L. squamosa^ Lam. Conrad, Foss. Med. Tert., p. 38. 

It appears to me a little doubtful whether the species described imder this name 
as inhabiting our southern waters, and occurring in the Miocene deposits, is the true 
squamosa at all. At any rate, it differs essentially from the form, a fossil from the 
Paris basin, to which Lamarck first applied the name (Deshayes, Coq. Foss. Env. de 
Paris, i, p. 106), from which it can be readily distinguished by the smaller number 
and greater prominence of the ribs, as well as by their stronger ornamentation and 
dichotomization. The same features would seem to distinguish the American form 
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from the Z. reticulata {L. pecten), with which I had compared it on a previous occasion. 
[I am inclined to the opinion that the fossil described as L. Bquamosa from the Paris 
and Mentz basins will prove to be identical with the later L, reticulata from the 
deposits about Vienna, etc., despite the characters which Sandberger (Couch. Mainz. 
Tertiiterbecken^, p. 330) claims to be present as distinguishing the two.] 

LuoiNA DiVAEicATA, Linn. 

I am confident that the species described under this name as occurring fossil in 
our Miocene de{)osits, and which is still living along the southern coast, is identical 
with the well-known L. omata, Agassiz {Icon. Coq. Tert.^ Non/v. Mim. Soc. Helv.^ vii, 
p. 64 ; Lncina divaricata of Lamarck, in part), of Europe. Its reference to L. deutota 
of Wood, which is concurred in by many conchologists, appears to me erroneous, as 
the primary character — the serration of the circumferential margin and of the 
concentric stria?^— claimed by Wood (" General Conchology," i, p. 194, pi. 46, fig. 7) 
to separate his species from the L. ( TelUna) divaricata of Linnicus, is wanting. 

LuciNA ANODONTA, Say. J. A. N. S., iv, p. 146. 

This species, if not identical with, is certainly the immediate representative of, the 
form described by Homes {Die Foftsilen Mollusken des Tertiaerl>€cken8 von PTten, ii, 
p. 228) from the Vienna basin as Lwdna Miocenica (Michelotti). The only distin* 
guisliing character between the two a])pears to be the absence in the American form 
of the two radiating sulci which mark the external surface of the European shell. 
No memtion of this character, however, is made by the autlior of the 8|>ecies, 
Michelotti {Brevi Cenni di alcum Head delle Classi Brachio})odi^ p. 24 ; Dencrip. Fosm. 
Terr. Mioc.^ p. 114, pi. 4, fig. 3), and, possibly, it may not be a permanent one. It 
appears not unlikely, on the other hand, that Homes' identification of the Vienna 
form with that from the deposits about Turin is erroneous, for, apart from the distin- 
guishing character just referred to, the trae or Italian L. Miocenica has well-developed 
hingci teeth, whereas in the (supposed) same species from tlie Vienna basin, as also in 
the American L. anodonta^ the hinge-teeth are only exceedingly rudimentary, or 
completely absent. 

AsTARTE BELLA, Conr. Proo. A. N. S., 1862, p. 685. 

This species differs from the A. gracilis of Miinster (Goldfuss, Petre/acta Oermanice^ 
ii, p. 194, pi. 135, fig. 4 a-c), a fossil from Biinde, and from the Coralline and Red 
Crags of Sutton, etc., in its greater size, more triangular form (the posterior slope 
being reflected outwards), and in the general flatness of the valves (compared with 
specimens from Oxford, Suffolk.) The A. lirata^ Conr., referred to by Lyell (Q. J. 
Geol. Soc, 1845, p. 421) as a fossil from the American Miocenes, and compared with 
the A. gracilis^ is doubtless the much later described A. hella (also A. co7npsonema). 
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AsTARTE vxDULATA, Say. J. A. X. S., iv, p. 150, pi. 9, fig. 5. 

This ven* variable and common form of Aatarie may Ix^ n^g-arJod as the Amoricnn 
representative of the A, Omalii. which it very clost^ly resembles, and with which it has 
sometimes been identified by gindogistv^. (Siv Lyell, Q, J. Geol. Soi\, I84r>, p. 4*21 ; 
Searles Wood, **Crag Mollus<*a/' ii, p. IM).) The form of -.4. Omafii to which it 
apiH^ars to be most nearly related is the -.4. itijHtrtita of Sowerby (Min. Conch., i^l. 5*21, 
fig. 3), bnt it can be readily distinguished from this by the comparative narrowness of 
the interdental pit, the greater length of the teeth, their mon^ prominent lateral 
striation, and in the posterior angulation of the shell, which conseipiently appears 
trigonal instead of rounded. 

Erycinella ovalis, Conr. Foss. Mod. Tort., p. 74, pi. 42. fig. 5. 
Goodalliafpygmfea, S. Wood. Catalogue, 1840. 

Found in the Condline Crag of Sutton and Geilgrave. By actual comparison with 
the English sixties I liave satisfied myst^lf of the correctness of Connid's determination, 
as recorded in a letter to Sir Charles Lyell (Wood, ** Crag MoUusca," ii, p. 17*2, foot- 
note). 

IsocARPiA Markoet, Coiir. Bull. Nat. Inst., i, p. 193, pi. ii, fig. 1. 

( r. anL, p. 78.) (Isocardia fVaterna.) 
IsocARDiA FRATERNA, Say. J. A. N. S., iv, p. 143, pi. xi, fig. 1, <i,ft. 

Isocardia rustica^ Conr. {fwn Sowerby.) Foss. Med. Tert., p. 20, pi. xi, fig. 1. 

( r. ant,y p. 78.) 

This species differs from the typical Liocardia wr (reci^nt and fossil), with which 
it has been united by Deshayes, Homes, Giebel, and WikkI, in the general form of 
the shell, which is more elongate or transverse (less orbicular), in the |K)sterior 
angulation of the basal margin, in the lesser prominence of the umbon«*s, and in the 
more pronounced carination of the posterior slope. Yet the general as]>ect is very 
much that of the European form, and despite^ the diftenniccs that have here been 
lK)inted out, it may prove to Ik» no more than a geographical variety of that spt^cies. 

CiiAMA coRTicosA, Gonr. A. J. Science, xxiii, p. 341. 

Differs from the C/ia77Ut gryphhia of Lamarck, which it otherwise^ very closely 
resembles, in the absence of the prominent umbonal sulcus on the outer surface of the 
larger valve. May possibly prove to bo only a variety. 

Artemis acetabulum, Conr. Foss. Shells Tert. Form., p. 20, pi. vi, fig. 1. 

( V, ant, p. 73.) 
Artemis intermedia, Conr. Proc. A. N. S., 1862, p. 575. 

Venus concentricaj Tuome}^ and Holmes. Plioc. Fobs., p. 82. 

This species, not unlikely only a variety of A. acetuhnlvm^ differs from A, hniU 
fin-mis (Sowerby) of the English Crag, which it most closely resembles, in the absence 
of the posterior angulation immediately back of the ligamental area. 
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Maitra ix>nuk8Ta, Conr. A. J. Soionco, xxiii, p. 340. 

This form, whicli in u luoastm* htuHs thr M. orali^^ Sow., of tht* British C!nifj 
doiwsits (with which it is (^onijmroil hy Wood, op. nV., ii, p. *2l(i), miiy Im* distiiigtiishod 
from that speoirs hv its n^hitivoly thirkrr sht^ll and jjivutor lattTul oxttMision. The 
samo rhanu^tcrs, in addititni tt) tho ahsoncc* of tnuisvt*rsr striations on the hitoml tivth, 
likowist^ ilistingnish the J/, /nujotta (J/ (yw/mj/<r). 

PANinmA TRIUNKATA, Snv. .1. A. N. S., ii, p. 3r»l. 

I\ituhra ^rfl^*i♦^WrHX, (''onr. Foss. Moii. Tort., p. 5J. 
Pamhra iM^rt/i/irfi/riit, Linn. 

A nithor nin^ fossil from the nc^wer 'l\»rtiary deposits t>f the Vienna hasin, Britain, 
Swit'/eriand, ami Sieilv. 

Saxioava iiiLiNKATA, Conr. FoHH. MimI. TlMt , p. IS. 
Saxirava tiiHtorta^ Say. •!. A. N. S., il, p. IMS. 
Saricara arctica^ Linn. (W N. nujostt), 

A fossil of th(* Vienna hasin, tin* British and Antwerp Crajj, and the newiT Ter- 
tiary and post-TiTtiary ileposits of Italy and Scandinavia. 

Tanoimca Amkru'ana, Cowr, Foss. MH. Tort., p. 4, pi. ii. 

( r. (int., p. :>^2.) 

Panoi».*:a iH>RRKrTA, Conr. Fosh. Moii. Tort., p. 71, pi. 41, \\g. 2. 

This species .severely recalls tlu* /* fjmfllls of Sowerhy (Mhi. Conch., vii, ])1. (510, 
fig. 1), from the Red (^rajf of Knjifland, considereil hy Wtxnl (**Crafj[ Mtdlusca," ii, 
]). '2S3, pi. xxvii, lifr, lf(-^), and Muyer {('of. Ft^s. 7V;t. 71/7., 1870) to he only a 
variety of tin* larjje fossil I'onnd so extensively distrihnt«Ml thronf^hont the newtT 
Tertiary deposits of F,nropi\ the* I\ Menanfi {P. Faftjafifii! o{ \\'oo<l, 7*0/* M«MUird), 
Its (^lonfjattnl form would seem to indicate n species distinct from tin* hist, 

SoLKN KNSI8, Linn. 

Sohn rnm'/ormiH, CJonr. Foss. Mod. Tort., p. 70, pi. 4J^, lljf. 8. 

A fossil of Kranc(\ Belgium, (n^rmany, Italy, and Knghuul. Ilorm^s {FtMs, AML 
Twiinrrh. H7rw, ii, p. 15) separativs the Belgian and British lorm, as well as the 
clos(»ly related one from (irund, Austria, as a distinct sjMH'ies {Knsis Ifalhi)^ fnmi the 
circumstance of the anttM'ior i^xtn^mity luMug more rounth^d than is commonly the case 
with tin* recent spcHiii^s. It appears to nu* very dtmhtful, howcvcT, wh(»tlnT this 
character will he found sufficient to distinguish the two. 

Mi'RKX iiMimiFKu, C-onr. Fosh. Sholls Tort. Form., p. 17, pi. Ii, ll^' ^* 

ll(»pn^sented hy J/. IhllHwlanus^ (Jrateloup {Coiivhyl. hms.^ UtisHin r/c rA(loni\ pi. 
30, figs. 7-10; 7Hm llonu^s, Fi)^H. MalL Teviiavrh. ir*m, i, p. ()7r), pi. 51, fig. 7a, A), 
a fossil of the taluns of Bordeatix and Dax. The varit^CM in the American form are 
more ntnn(»rons, and more lamellar in chanichT. 
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Fusus R0STRATU8, Dujardin (Olivi ?). M<^m. Soc. QM, de France, ii, p. 293. 

Lyell identifies this Touraine fossil as having l)een found at Buvweirs Mill, Williams- 
burg, Va. (Q. J. Geol. Soc, i, p. 420). 

ECPHORA QUADRIC08TATA, Say. J. A. N. S., iv, p. 127. 

Represented in the deposits of the faluns of Bordeaux and I)ax by Pyrula 
Jauherti^ Grateloup {op. city pi. 27, figs 11, 12), from whieh it differs in the number 
(four, instead of three) and greater prominence of the revolving ridges, in the greater 
size of the umbilicus, and in the reflected position of the apertural canal. 

Purpura lapillus, Linn. 

Lyell identifies a form from Petersburg, Va., as a variety of this species, one of the 
most abundant fossils of the Red Crag, and considers it to be the equivalent of the 
I\ crhpata^ Wood (Q. J. Geol. Soc, i, p. 420; Wood, "Crag MoUusca," i, pp. 
36-38). 

rTYOiiosALPiNX (Buocinum) altilis, Conr. Fo88. Shells Tert. Form., p. 19, pi. 4, fig. 6. 
(Et al, sp, Ptychosalpinx f) 

Represented in the British Crag by forms of Nafsa reticosa^ Sow. (Wood, "Crag 
• Mollusca," i, p. 33, pi. iii, figs. 10 a-h.) 

Paranassa (Buccinum) harpuloides, Conr. Proc. A. N. S., i, p. 326. 

Diff'ers from Buccinum contorium of Dujardin {Mem, Soc. Geol. tie France^ ii, p. 298, 
pi. 20, figs. 1 and 2) in the thickened outer lip, and its interior rugation. 

Oliva litterata, Lam. 

0. Carolinensis^ Conr. Proc. A. N. S., 1862, p. 584. 

Homes {op. cit.^ i, p. 50), incorrectly, I believe, identifies this well-known American 
species with the 0. chivuhi of liJimarck, from which it differs in the general form of 
the shell, and in the characteristic rugation of the entire columellar surface. The 
Vienna fossil referred to O. clavuhi is probably also a distinct species, agreeing in form 
more with the American, but differing likewise in the absence (?) of the columellar 
rugations, and in the presence of a second baso-dorsal band, which is wanting in 0. 
liffenda. 

VoLUTiFUSus (Fasciolaria) mutabilis, Conr. J. A. N. S., vii, p. 135. 

This species, although generally recalling in habit the well-known Voluia Lam- 
fterti of Sowerby, of wliich it may be considered the American representative, differs 
from that species in several particulars and more particularly in the number (two, 
instead of foiu) and disposition of the columellar folds. 

CvpRiEA Carolinensis, Conr. A. J. Science, xli, p. 346, pi. ii, fij^. 6. 

This siiecies api)ears to be identical with the C. glchosa of Dujardin [loc. ctf,^ p. 
303, pi. xix, fig. 21), a fossil from the faluns of Touraine, the Vienna basin, etc. 
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Natica HER08, Say. J. A. N. S., ii, p. 248. 

I have been unable to discover any character by which to separate the N. catenoides 
of S. Wood from this species. 

TURRITELLA PLEBEIA, Stiy. J. A. N. S., iv, p. 125. 

Identified by Lyell and G. J8. Sowerby (Q. J. Geol. Soc, i, p. 420) with a form 
very abundant in the faluns of Touraine, and which Dujardin has referred to the T. 
Linncei of Deshayes {T. communis? Risso). 

Crepidula unguiformis, Lfimarck. 

C. plana, Say. J. A. N. S., ii, p. 226. 

A fossil from the Miocene deposits of France, Italy, Austria, etc. 

Dentalium attenuatum, Say. J. A. N. S., iv, p. 154. 
= Dentalium dentale, Linn. 

Identified by Lyell and G. B. Sowerby (Q. J. Geol. Soc, i, p. 421) with the D. 
costaium of J. Sowerby, a common fossil of the Red and Coralline Crag. 



Doubtless, many other species besides those here enumerated will be found to agree 
very closely, if not absolutely, in their characters with common European forms, but 
for their proper determination more material is necessary than is at the present time 
at the disposition of the author. 
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VI. 

ON TIIK AGIO OF THE TEJON ROCKS OF CALIFORNIA, AND THE OCCURRENCE 

OF AMMONITIC REMAINS IN TERTIARY DEPOSITS. 

The controversy which for a long time was maintained between Conrad and Gabb 
as to t]w age* of the Ti^jon rocks of California, referred by the former to the Eocene 
seri(*s, and by the latter considered to represent the uppermost member of the Creta- 
ceous (Division IJ of the California Iteport), can scarcely be considered to have settled 
the question at issue.* lioth paleontologists appear to have maintained their respective 
positions to the last, and to have permitted no considerations to outweigh the mass of 
proof that at the same time was bearing in both directions.f The essence of Conrad's 
views briefly stated is : That a portion of the rocks, that of Caflada dc las Uvas, 
included in tlu* (-retaceous, fails ''to show one Cretaceous fossil," whereas, on the 
contrary, it is held to contahi at least two representative, and at the same time highly 
characteristic Tertiary forms — ^""Vtnencardia planiiV*<Ui and Aturia zic-zac ;^^ and that 
when* in other deposits referred to the same horizon, an association between Tertiary 
and ('retaceous siH*(*i(»s obtains, su(*h an association has bi*en brought about as the 
result of the breaking up of the materials of an older formation, and the mixing up, 
of tlu^ir contained n^mains with those of a newer period. By Gabb, on the other 
hand, it is maintained that many of the forms referred to as Tertiary species are in 
nnility not su(^h ; that a repeated admixture between what have been considered to be 
strictly IVrtiary forms and Cretaceous species manifests itself throughout the entire 
("alifornian (so-calh^d) Cretaceous series ; and that no such breaking up and rc-formatioh, 
as has l)een claimed by Conrad, are anywhere apimrent. 

The most elaborate defense of (Jabb's position is that published hi the '' Proceed- 
ings" of the California Academy of Natural Sciences for 1867 (pp. 301-(>), in a paper 
entithul ''On the Subdivisions of the Cn^ta(*eous Formation in California." In this 
paper tlic* author essays to show, by means of comparative tables, the close relation 
that (»xists between tlu* faunal characters of* the upper and lower members of his 
(Cetaceous group (Divisions B and A of the California Report), and to prove by this 

♦ Coiirud. Amor. .louni. of (\>mholojjy, i (I8«r>), pp. a«2-.'i ; ii (18(m), pp. 07-100 ; Amer. Jouni. of Science, 
new wr., xllv, (IH07). pp. ;i7«-7. 

Gabb, .\nier. .lourn. of ('onclu>log>\ h (ISOtt), pp. 87-0.2; Anier. Joum. of St'ience, new wr., xliv (1807), 
pp. 2*J(V-0 ; l>rot\ (California Acad. Nat. Sciences, ill (18(J7), pp. a01-««. 

t The wrIUT is infonntnl by one who 's intlnnitvly acquainted with l»oth parties, that Conrad finally yieldeil 
his position, but he has bei»n unable t^) discover Uk» evidences of such a change of opinion in any of that author's 
writin^j^H. 

(103) 



ON THE AGE OF THE TEJON ROCKS OF CALIFORNIA, ETC. 



103 



relationship the fallaciousness of a classification that would relegate the deposits of 
the group to two distinct eras in geological chronology. The following table of organic 
remains representing the fauna of the Tejon group (Division B), with the various 
localities of their occurrence, is there appended :* 





Upper Division 
(B.) 


Intermediate 
Beds. 


Ijower Divisions and Remarks. 


Calianassa Stimpsonii, 


. \Jm X • . . . 


• . 


Chico. 


Aturia Mathewsonii, 


M. C 1. • . 


. . 


Martinez. 


Nautilus Tcxanus, . 


• v>. . . . 


. . 


Shasta Co. 


Ammonites, n. s., 


\jm yL, • 


• . < 


Curry's; Benecia; Mar- 


Typhis antiquus, 


M. T. 




[tinez. 


Fusus Martinez, 


M. T. 




• 


F. Mathewsonii, 


M. C. . 


. . 


Curry's. 


F. Diaboli, 


C. 






F. aratus, .... 


M. 






F. Californicus, 


. \J» 1 • . . • 


LL. 




Hemifusus Homii, . 


T. 






H. Cooperii, 


CD. 






H. Remondii, . 


M. C. T. G. 






? Neptunea supraplicata, . 


CD. 






N. gracilis, 


M. 






Perissolax brevirostris, . 


• 
• • • • • 


LL. 


Many localities. 


P. Blakei, 


M. C T. 






Turris Claytonensis, 


. CT. 






T. raricostata, . 


. \J» . . • 


• • 1 


( Varicostata by error in 


Cordiera microptygma, 


T. 




[Rep.) 


Tritonium Hornii, 


CT. 






T. Diegoensis, . . . . 


D. 






T. paucivarieatum. . 


T. 


• 




T. Whitneyi, . . . . 


T. D. 






Buecinum liratum, . 


M. 


LL. 




Nassa cretacea, 


M. T. G. 






Pseudoliva lineata, . 


M. 






P. volutffiforrais, 


T. 






Oliveila Mathewsonii, 


M. T. G. C. 






Ancillaria elongata, . 


CD. 






Faseiolaria Iffiviuseuia, 


C 


LL. 




F. sinuata, . . . . 


T. D. 






F. lo, 


T. 






Mitra cretacea, 


M. 







♦ A few species occurring in beds said to be intermediate between B and A, but not properly belonging to 
the Tejon Group, are here included. In addition to the 107 (112, inclusive of those from the ''intermediate" 
beds) species enumerated in the list, a small number of other forms have been described in vol. ii (1869) of the 
"Palaeontology '* of the Caliibmia Survey. The diflferent localities in the above tables are designated by letters 
as follows : M, Martinez ; C, Clayton to Marshes ; T, vicinity of Fort Tejon ; G, a locality 10 miles west of 
Giiswold's, near New Idria ; I, New Idria ; D, San Diego ; LL, Lower Lake Village, 1 mile southeast of the 
town. 
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Whitneya ficus, 
Ficus mamillatus, 


Upper DlviBlon 
(B.) 

T. 
T. 


Intennediato 
Heds. 


Natica Uvasana, 


T. 




Lunatia Shumardiana, 




LL. 


L. Hornii, 


T. 




L. nuciformis, . 


C. T. (D. ?) 




Gyrodes expansa, 
Neverita secta, 


T. 


LL. 


^^ . , u. o*. . . . • 

Naticina obliqua, 
Amauropsis alveata, 


G. L 

M. T. 

M. C. T. G. D. 


LL. 


Morio tuberculatus, . 
Scalaria (Opalia) Mathews 


M. T. C. G. D. 

(onii, M. 




Nisopolita, 
Cerithiopsis alternata, 
Architectonica cognata, . 
A. Hornii, 


M. T. 
M. C. 
M. C. T. 
T. 




Margaritella crenulata, 
Conus Remondii, 


D. 

M. C. T. D. 




C. Hornii, 


T. 




C. siniiatus, 


T. 




Rimella canalifera, . 


M. T. 




R. simplex, 
Aporrhais angulata, 
Cyprflea Bayerquei, 
Turritella Uvasana, 


CD. 

M. 

M. C 

M. C. T. G. 




T. Saffordii, . . . 




LL. 


T. infragranulata, 
Galerus exeentricus, 


M. 

M. C. T.D. L 


LL. 


Spirocrypta pileum, 
Gadus pusillus, 
Dentalium Cooperii, 


T I 
M, T. 
M. D. . 


LL. 

• • 


D. stramineum, 


M. D. . 


. • 


Bulla Horuii, . 


T. 




Cyliehna costata, 
Mcgistostoma striata, 
Martesia clausa, 


M. C. T. D. . 

M. 

G. 


• • 


Solen parallelus, 
Solena Diegoensis, . 
Corbula Hornii, 


M. C. T. 

D. 

T. 




C. parilis, 

Neffira dolabrasformis, 


G. M. D. 
Af. 




Mactra Ashburnerii, 


M. C. T. . 


• • • 


Gari texta. 


M. 




Tellina longa, . 
T. Remondii, 


M. C. T. 
C. T. 





Lower Divisions and Remarks. 



Martinez and elsewhere. 



Almost ever3'where. 



Curry's; S. of Mt. Diablo. 



M. and Solano Co. 



Curry's ; S. of Mt. Diablo. 
Curry's ; S. of Mt. Diablo. 

M. ; Texas Flat and man}* 

[other localities. 

Pence's ; Texas Flat, etc. 



Nearly ever^'where in 

[both Divisions. 
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T. Hoffmaniana, 

T. Hornii, 

T. Californica, . 

Meretrix Uvasana, 

M. Hornii, 

M. ovalis, 

Dosinia cicvata, 

D. gyrata, 

Tapes Conradiana, 

T. quad rata, 

Cardium Cooperii, 

C. Brewerii, 

Cardita Hornii, . 

Lucina cumnlata, 

L. cretacea, 

M3'8ia poiita, 

Crassatella grand is, 

C. Uvasana, 

Mytilus ascia, . 

Modiola ornata, 

Septifer dichotoinus, 

Crenelia concentrica, 

Avicuia pellucida. 

Area Hornii, 

CucuIInea Matbewsonii, 

Barbatia Morsei, 

Axina'a sagittata, 

A. Vcatehii, 

Nucuia (Aciia) truncata, 

Leda protexta, . 

Placunanomia inornata, 

Flabellum Remondianum, 



Upper Division 
(B.) 


Intermediate 
Beds. 


Lower Divisions and Remarks. 


G. 


• • • • 


M. ; Pence's, and else- 


T. 




[wbere 


C. T. 






M. C. T. I. 0. D. 






T. 






T. 






T. 






M. C. T. G. 






G. M. T. 


LL. 




M. T. 






M. T. D. 






M. C. T. G. 






M. C. T. I. G. 






T. 






C. 






M. C. I. 






M. T. . 


LL. 


• 


T. 






T. 






M. C. T. I. 




• 


T. 






M. 






M. G. . 


LL. 


San Luis Gonzaga. 


T, 






0« • • 


• LL. 


M. 


p. 






M. T. 0. 






• • • 


LL. 


M. ; Tuscan Springs, etc 


M. T. . 


. • • 


Ever3'^wbere. 


M. C. T. G. . 


... 


M. 


D. 







c. 



Of the total number of 112 species here enumerated, 105 are recorded as being 
found in Division B (Tejon group), 15 in the so-called "intermediate beds,*' and 21 
in various deposits of the lower group (Division A). The number of forms held in 
common by Divisions A and B, as is shown by the above table, and the intimate 
faunal relations which the " intermediate beds " hold to the deposits supposed to lie 
above and below them, it is claimed, demonstrate conclusively that the series is a 
continuous one, and admits of no such separation as has been insisted upon by 
Conrad. 

The value of a comparative table, such as is here presented, naturally depends 
upon the accuracy of its details; whether in the present instance this accuracy is 
such as to entitle the tiible to special consideration, remains to be seen. On page 302 
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of the paper last referred to, Mr. Gabb states : " Of 280 species of fossils recognized 
and named in the California Cretaceous rocks, 107 are found in this upper member. 
Of these, 84 are peculiar, and 23 are found in common between undoubted members 
of this group and undoubted members of the older grottp^ The inaccuracy of this last 
assertion will be readily manifest when an appeal is made to the data afforded by the 
preceding table.* It will be seen that here only 16 species are enumerated whose 
range comprises the '* undoubted members " of both the older and newer groups (A 
and B), as follows : — 



Callianassa Stimpsonii, 
Aturia Mathcwsonii. 
Nautilus Tcxanus, 
Ammonites, n. p., 
Fiisus Mathewsonii, 
Amauropsis alveata, 
Dentalium Cooperii, 



Cylichna costata, 
Martesia clausa, 
Mactra Ashbumerii, 
Teliina Hotfmanniana, 
Avicula pellueida, 
Cuculltea Mathewsonii, 
Nucula (Aciia) truncata, 



D. stramincum, Leda protexta. 

But in glancing over the original descriptions of the species here cited, as given in 
vol. i of the Palaeontological Report, and the more recent list of distribution pub- 
lished in vol. ii, we find — 

1. Vol. i, p. 59, that all the specimens (4) of Nautilus Texanus were obtained 
from Division A (older group), no reference being there made of its occurrence in any 
deposit of newer date ; nor is any mention of the species being found in Division B 
made in the more recent list of distribution (p. 209) contained in vol. ii of the Report 
(1869). In vol. ii of the -'American Journal of Conchology " (p. 88) the species is 
quoted from Clayton (B), but Mr. Gabb has here evidently confounded the name of 
a finder (" the last was found by Mr. Clayton ") with that of the locality. 

2. Vol. i, p. 195, no indication is given of the occurrence of Caculla^a Mathewsonii 
in deposits belonging to Division B, although the locality Martinez, where beds repre- 
senting both B and A are to be met with, is given. From this indefinite statement 
it might he inferred that the specimens were obtained from the upper beds, but any 
doubt on this point is set at rest by the subsequent reference (Amer. Journ. Conchol. 
ii, p. 88 ; Cal. Pal. Rept., ii, p. 249), of these Martinez beds to the Martinez group 
(A). The second locality given (for a single specimen) is " Clayton, below f the coal- 
veins," wliich in vol. ii, of the report {loc. tit) is referred to the " intermediate beds." 



♦ Mr. Gabb has here evidently included the " intennediate beds" among the "undoubted members of the 
older group," and yet to disclaim any Intention on bis part for go doing, he adds (immediately following the 
sentence above quoted) : "Besides this, I was fortunate enough to discover a locality near Clear Lake, this fall, 
where, within a space of two feet, I found an admixture of upper and lower forms, proving the existence of a 
transitionary bed, or, perhaps, group of leds." In justice to Mr. Gabb, it must be stated, that on p. ;J05 of the 
same paper, only 16 species, a figure more nearly the correct one, are stated to be common to Divisions A and B. 

t The italics appearing in the quotations belong to the writer of this article. 
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' So that deducting these two forms which have not yet been detected in the deposits 
of Division B, these last have at the utmost (at least as far as is known), only 14 
species common to the lower division (A), instead of 23 as claimed. 

But while 14 species may actually be held in common by the upper and lower 
members, we are far from satisfied that such really is the case. Thus, Mr. Gabb states 
(Pal. Report, i, p. 153), that Mactra Ashhumerii "is one of the most common fossils 
in the State," and instances numerous localities of its occurrence in both Divisions A 
and B ; and further (in Am. J. Conchol., ii, p. 88), that it is found in " almost every 
locality of both divisions." It would certainly be a difficult matter to disprove such an 
affirmation, but it is, to say the least, surprising, that after a careful examination of all 
the specimens of the Gabb collection in the possession of the Academy of Natural 
Sciences, which have served as the basis of the Palaeontological Report, and which 
comprise probably the greater number, if not nearly all, of the Cretaceous '* tj^es " 
and figured specimens, we have failed to discover a single fragment from Division A 
(Martinez, Chico, and Shasta groups) that could with any amount of positiveness, or 
with anything more than considerable doubt, be referred to the form that under the 
same name is credited to Division B (Tejon group). This is the more singular since 
the collection embraces a very considerable number of rock fragments, which are 
crowded with molluscan remains. Two specimens marked in Gabb's handwriting as 
coming from Texas Flat (Chico group. A), and considered by that paleontologist to 
represent the " typical form " (so marked) of the species, differ very essentially in 
outline from the Tejon specimens, and are doubtless specifically distinct. Again, in 
the case oi Nucula triincata Mr. Gabb instances (Pal, Rept., i, p. 199) several local- 
ities of its occurrence in Division A, and also Martinez as a locality of Division B, but 
no mention is made of the last named as a locality of the first Division. On the other 
hand, all the Martinez specimens of this species in the Gahh collection are marked as 
belonging to Division A! In vol. ii (p. 19T) of the Reports, however, we are informed 
that this species is " found at almost every locality of the Chico, Martinez, and Tejon 
groups," but we must confess that, after a diligent search, we have failed to discover 
among the Tejon rock fragments anything that could with sufficient evidence be 
referred to this form. Nor have we been able to find the faintest traces of Leda 
Gahhii {profexta of Gabb) (or for that matter, of several other forms belonging to 
group B) in the rock fragments obtained from the older members, but it would perhaps 
be premature to conclude from this that it may not really occur there. On page 199 
of vol. i, the only locality given for Division A is (near) Martinez (at the same time 
a locality for Division B), but in the " tabular statement " appended to the same 
volume (p. 235) the ranch of San Luis Gonzaga is substituted instead. Tellina Hoff- 
manniana is not stated in the original description (vol. i, p. 156), to be found in any 
locality of Division B, nor is it included in the list of " common " species given in 
1866 in the American Journal of Conchology (ii, p. 88). In vol. ii of the Reports, 
15 
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however (p. 182), this species, which could originally " always be distinguished by its 
straight or slightly convex cardinal margins," but which has now become a " rather 
variable " form, is reported from two localities (MartiBez and " Griswold's ") of the 
Tejon group. An inspection of Mr. Gabb's figures (i, pi. 22, figs. 33-33 a ; ii, pi, 
30, fig. 72) will, we believe, fail to convince one that in both instances the same 
species is represented, and, indeed, in the Martinez (B) specimens the " straight or 
slightly convex cardinal margins " characteristic of the species have become both 
anteriorly and posteriorly decidedly convex. 

Mr. Gabb invokes the assistance of his "intermediate beds," unknown to him at 
the time of the publication of the first volume of his Reports, to prove the intimate 
relation that exists between the upper and lower members of his Cretaceous series. 
An examination of the preceding table will show that 7 species, not found in deposits 
older than the intermediate beds, are credited as being common to these last and the 
Tojon group, as follows ; — 



Fiisus Californicus, 
Buccinum liratum. 
Fasciolaria laeviuscula, 
Galerus excentricus, 



Spirocrypta pileum, 
Tapes Conradiana, 
Crassatella grandis. 



These are said to be associated with a limited number of forms that are found in 
the lower division, but which do not pass above, and (if we except Cuoidlcea Mathew^ 
sonil^ which has been shown not to belong to the upper member) with only one 
solitary form, Avicula pellwdda^ that is common to both divisions, a circumstance of 
suspicious import. But in turning to the original description of Fasciolaria lasvius' 
cula (vol. i, p. 101) we find no mention of its being found in deposits belonging to 
Division B, but on the contrary, it is distinctly stated to have been " found in the 
strata immediately below the coal in the Mount Diablo district" (although it was 
associated with several species found also at San Diego and Martinez of Division B), 
and in vol. ii of the Report (p 223), rnily the "beds intermediate between the 
Martinez and Tejon groups " are given as the locality of its occurrence. Nor do we 
find in the lists of distribution contained in vol. ii* any mention of the '* intermediate 
beds" in the case either of Biiccinum [Brachysphingus) liratum^ Galenis excentricus^ 
or Spirocrypta pileum^ although it does occur in the case of the remaining three 
{Fusxis Californicus^ Tapes Conradiana, and Crassaiella grandis). 

We believe it may be fairly questioned, from what has already been shown, 
whether Mr. Gabb's tables afford at all a safe criterion upon which to base the solu- 
tion of the problem at issue. The numerous discrepancies would seem to prove 
almost conclusively that in their preparation the author was in a measure, or even to 



♦ Published more than one year after the paper in the "Proceedings of the California Academy,** and 
therefore At a time when Mr. Gabb ought to have been fully cognizant of the value and i:osition of his interme- 
diate beds. 
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considerable part, borrowing from his memory, or, at any rate, not absolutely from 
the data that were presented in the field. But granting that the tables be entirely 
trustworthy in the statements that have been called into account, do they at all prove 
his case ? We believe most assuredly not. Surely a geologist would find it difficult, 
on the assumption of immediate continuity and without the assistance of a change in 
the general character (whether marine, fluviatile, or terrestrial) of the fauna, to account 
for the rather anomalous circumstance, that, in a locality rich in organic remains, the 
upper member of a closely connected series should be characterized by a fauna about 
80 per cent.* of whose individual forms is peculiar to itself. In order to antagonize 
this difficulty, and, at the same time, to show still more effectively how much more 
closely the members of this upper group of deposits are linked to the beds below them 
(and, consequently, how indisputably Cretaceous) than to those following (and, there- 
fore, how little Tertiary), Mr. Gabb submits the argument (Proc. Cal. Acad. 
Nat. Sciences, 1867, p. 306; A. J. Science, new ser., vol. xliv, p. 229), that "All 
of the species are peculiar to this group (B), or to this and iinderlying t rocks ; not 
one has been found associated either with living forms, or with species known to occur 
in the recognized Tertiaries of California. Five of the genera are peculiar to the 
Secondary. An Ammonite ranges entirely through the group to the top of the 
highest fossihferous strata. The genera Periasolax^ Gyrodea^ Margaritella^ and the 
subgenus Anchura^ of the genus Aix/rrhais^ are all recognized as strictly characteristic 
of the Cretaceous ; so much so, that the presence of a single undoubted representative of 
either of these genera would be strong presumptive evidence of the Cretaceous age 
of any rocks in which it might be found." But Mr. Grabb omits to emphasize in this 
connection (although a casual reference to a part of the facts is made), and as directly 
bearing upon the subject of chronological relationship, the first appearance (in 
California) in the deposits of this group of the genera (among others) AnciIIaria, 
Bidla^ Conus^ Cjjprcea^ Grepidvia {8pirocrypta\ Gaasidai'ia {Morio)^ Ficii8^ Gadiis^ 
Mitra^ Nassa^ Niso^ Olivella (or Oliva)^ Pseudoliva^ Rimella^ Triton^ Trochita^ and 
Typhis^ many of them distinctively, and as has been generally recognized, exchmcely 
Tertiary forms. Nor does that paleontologist appear to lay the least stress upon, or 
even advert to, the circumstance that the eminently Mesozoic genera Ancyloceras^ 
Hamites^ HeUcoceras^ Turrllites^ Grioceras, ? Ptychoceras (Helicancyhis)^ Bacidites^ 
Inoceramus^ Tiigonla, Gryphcea^ and Exogyra^ which are found in one or other, or 
several of the deposits of the older group (A), are here completely wanting. Surely 
the wholesale appearance and disappearance of characteristic genera have at least as 
much import in the determination of geological chronology, or in the fixing of 
systemic relationships, as the casual persistence of a few specific types, and, indeed, 



♦ Tlio percentage takes into account the full number of forms said to be held in common by the upper 
member and the intermediate beds. 
t The italics are Gabb's. 
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a paleontologist or zoologist would be very bold to assert that the distinctive 
characters of a fauna depend rather upon the features drawn from its specific than 
from its generic constituents.* It would appear strange, to say the least, if a geologist 
were now to unite the Devonian and Carboniferous formations, or the Silurian and 
Devonian, for no other reason than that they comprise in their several faunas a 
number of '^common ** forms, when the general facies of these faunas is very distinct.f 
But it is here maintained, that in addition to a purely specific relationship we have 
one established through generic ties. "An Ammonite ranges entirely through the 
group to the top of the highest fossiliferous strata. The genera PerlssoJax^ Gt/rodes^ 
Margaritella^ and the sub-genus Anchvra^ of the genus Aporrluiia^ are all recognized 
as strictly characteristic of the Cretaceous ; so much so, that the presence of a single 
undoubted representative of either of these genera would be strong presumptive 
evidence of the Cretaceous age of any rocks in which it might be found " (Proc. Cal. 
Acad., p. 306). Laying aside for the present the question of the Ammonite, only a 
few words need be said respecting the other genera.J As Mr. Conrad has already 



* Accepting tlic generic deteiminations of Mr. Gabb, we find that of about 77 genera credited as belonging 
to the Tejon group, no less than 33 (or 48 per cent.) have not been described from the Cretaceous deposits under- 
lying this group ; and 3 additional ones do not pass beyond the '^ intermediate beds !'' The faunas are here, then, 
decidedly rery distinct, despite the fact that a limited number of "common " or passage forms (forming at the 
utmost only about 13 per cunt, of the Tejon fauna) may be said to exist. 

f According to Etheridge (Anniversary Address, London Geol. Soc., 1881 — Quart. Joum. Geol. Soc., pp. 
184-185), of 3? Fi)ecies of brachiopods occurring in the upper British Devonian, 16 pnss into the succeeding Car- 
boniferous deposits ; these last also hold 5 species of upper Devonian lamellibranchs, 5 gasteropods, 2 heteropods, 
and 4 species of the genus Orthoceras, Of the total number of 183 genera and 526 species constituting the 
British Devonian fauna, 80 genera and 49 species pass into the Carboniferous (Joe. cit,, p. 197). In California, of 
about 141 genera described from Division A (Martinez, Chico, and Shasta groups), 44 are also found in Division 
B (Tejon group), and, therefore, the proportion of generic forms common to what is here claimed to be both 
Cretaceous and Tertiary is greater than that which obtains in the case of the British Devon'an and Carboniferous 
formations. Hut if in both instances only the molluscan fauna (which comprisis, with the exception of 5 species, 
all of Gabb's de-crilxid forms) is taken into account', a very striking correspondence in the numerical proportions 
presents it&'cir. Thus, according to Ethcridfre^s tables, 25 out of the 74 Devonian molluscan genera appear in the 
Carboniferous deposits, or nearly 34 per cent. ; in California, 40 of the 133 Division A genera are also rc'preseuti:d 
in Division B, or 30 per cent. According to Mr. Etheridge (loc, cit,y p. 179), 12 genera (of 137), and 20 species 
(of 392), of Ludlow (upper Silurian) fossils pass into the Devonian ; and 11 genera (of 61), and 16 species (of 
182) from the Cambrian into the Silurian (Arenig) (p. 100). — ^The circumstance that the faunal break between 
the Cretaceous and Tertiary periods is in all, or nearly all, localities thus far studied greater than between the 
Devonian and Carboniferous or the Silurian ^nd Devonian, has no bearing on the point at issue, since a connec- 
tion or passa^^c must exist somewhere, and it is quite immaterial where this passage may be found. The asser- 
tion that has at various times been repeated that no Cretaceous species have been known to pass beyond the 
limits of that period has been definitely refut. d by comparisons made between the foraminiferal faunas of chalk 
and the Atlantic ooze, and, doubtlesn, impartial examination will reveal a number of higher forms in post- 
Cretaceous dei)osits, uiidistinguishable from forms which have up till now been considered to characterize strata 
of more ancient date. It would probably puzzle many paleontologists to determine by what special characters 
certain cephalopods (Nautilus) or brachiopods of Tertiary, or for that matter, of recent age, are distinguished 
from their more ancient congeners, and, indeed, even such a high authority as Mr. Davidson C British Tertiary 
BrachioixKla," p. 14, Palteont. Ss'oc. Rei ts., 1^52), has found it difficult to differ from the opinion expressed by 
Edwanl Forbes that at least one exi>tiug bnich!oi)od ( TereWatulina caput serperUis) is also a Cretaceous form. 

J Although in the text it is not atsolntelt/ stated that these several genera all occur in the rocks of the Tejon 
group (but ** in this and associated rocks "), the connection in which the statement is made would seem to imply 
that they did so occur ; and Mr. Gabb's inference would certainly justify such an interpretation of the statement. 
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shown (A. J. Science, new ser., xliv, p. 37&), no locality in Division B is assigned to 
the (2) species of Gyrodes in vol. i of the report, but on the contrary, both are clearly 
assigned to the Division A ; and in vol. ii (p 222) the transition beds are given as the 
upper limit of the genus. In the case of the genus (or sub-genus) Anchum^ the 
species especially referred to, A. {Aporrhais) nngulata^ is stated (vol. i, p. 128) to 
occur very sparingly near MartifSez " in a single stratum of greenish-gray limestone," 
and is credited excUmvely to Division B ; yet, in the same description, a locality in 
Division A — Cottonwood Creek, Shasta County — is mentioned ! Furthermore, in the 
" tabular statement *' appended to the same volume (p 227), the Martinez locality of 
the identical species is referred to Division A ! In vol. ii (p. 226), while the localities 
are given, the group has been wisely omitted. As to the forms that have been referred 
to PtrisHolax^ it would be very difficult to state why they should be considered as being 
characteristically Cretaceous. It is true that the genus was founded on Cretaceous 
species,* but it would be, indeed, a very comprehensive genus that would embrace 
such entirely dissimilar forms as the Pyrula (Fusics) longirostra of D'Orbigny,t one 
of the types of the genus, and the P, Blakei {Busycon f Blakei of Conrad) and P. 
hrevirostris that are here referred to it (and also the Fusua DarvUlei and F. HomhrO' 
niana !) J There is, as far as we are aware, not the faintest reason for considering the 
California species here indicated as representing Cretaceous moUuscan types, whatever 
may be thought of the genus Periswlax as originally founded ; on the contrary, as 
Conrad has pointed out (A. J. Science, new ser., xliv, p. 376), they more properly 
belong to his genus Levifusus (sub-genus 1 of Fksuh)^ represented in the Eocene of 
Alabama by the Fusus traheatua {F. hicarinaUia of Lea, young). 

Respecting the forms that have been referred to Margariiella^ and to their being 
" strictly characteristic of the Cretaceous," it need only be stated that Mr. Meek, the 
author of the aforesaid genus, distinctly affirms § that they do v(ri> belong where they 
have been placed, but in the genus Solariella of Wood, which was founded on a 
Tertiary (Pliocene) fossil, S. {Margarita ?) maculata from the British Coralline Crag. |1 

So far, therefore, not one of Gabb's characteristic Cretaceous genera, with the 
exception of the Ammonite, of which several specimens are said to have been found 
in the rocks of the Tejon group (and of which, or of an allied genus of the Ammoni- 
iidce^^ the author of this article was fortunate enough to discover a solitary fragment), 
carries out the inference that has been drawn from their actual or supposed existence. 

♦ Gabb, Proc. Am. Philos. Soc, 1861, p. 66. 

t FaUont, deVAmf.r, mer., p. 119, pi. 12, fig. 13. 

t D'Orb gny, Voi/age de V Astrolabe et de la ZeUe, pi. 2, fig. 1, and pi. 1, fig. 31. . . . Gabb, Proc. Amer, 
Philo8. Soc. 18'Jl, p. 67. It can scarcely be wondered at that neither Conrad nor Stoliczka could grasp the 
characters of the gcmis, and that the latter referred the typical form not only to a distinct genus, but to a -very 
different family, the Purpuridoi (Palseontologia Indica, Cretace jus Fauna, ii, p. 149). 

§ U. 8. Geol. Sur\'ey of the Territories, ix. Invertebrate Palaeontology, pp. 301-2, 1876. 

I Catalogue of Crag MoUusca, Ann. Mag. Nat. Hist., ix, 1842, p. 531 ; "British Crag Mollusca'' (Palseont. 
Soc. Rep., 1848), i, p. 134. 

If The fragment was too imperfect to admit of positive generic determination. 
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Having thus, as we believe, satisfactorily shown the erroneousness of many or most 
of the data that have served as a guide in the classification of the rocks in question, 
and to their reference to the Cretaceous period, it now remains to examine in greater 
dcbiil the reasons why these should be considered as not Cretaceous, but Tertiary. 
Hric^fly repeating what has already been said, we find that the Tejon fauna (considered 
K()l(»ly with rt^spect to the other California faimas) comprises about (and probably 
ctmHilerahly more than) 80 per cent, of forms peculiar to itself, or at least that are not 
found in deposits representing a lower horizon ; that 33 out of its 77 genera, constituting 
43 p(»r rent, of its entire number, are likewise not represented in the older deposits; 
that with the exception of a few fragments or specimens (about 7 in all) of one or two 
forms of AmmonitulcB^ there is a complete absence of distinctively Cretaceous organic 
typ(»8 (while they are sufficiently plentiful in the subjacent beds); and finally, that 
there is a sudden introduction of new moUuscan types, most of which are but barely, 
if at all, n^pn^sented in the Cretaceous desposits of the world (as far as has yet been 
determined), and several of which are not known to have preceded the Tertiary period. 
The appearance here fot the first time of the genera Ancillaria^ Bulla, GonuSj 
Crepidu/a (\im<1aria^ Cyprcea^ FinuSy Gadus^ Mitra^ Nassa, Niso, OHvella (or OUva)y 
I^tndoliva^ Rimelhiy D^iton^ Trochita^ and Typhis* has already been adverted to. 



• Tlio wilU»r in uiiawan^ that any unequivocal species of the genera Fieus {Sycotypui ; PyruU, as restricted) 
(htduf, JV(iM<T« yisoy Olmlla (or Olita), RimtlUiy or I)fph% haTe been described from deposits antedating the 

Tertlar>*. 

7V^M^l lhnd''chfrnfn$i* of Forl^es (Trans. Lond. Qeol. 8oc., vii, p. 127, 1846 ; I^rula Carolina of d'Orbigny, 
Voy. ANtri>1al>e et ZeliV. Pal. pi. 11, fip:8. 34 and 3'>), a ficuliform species from the Cretaceous deposits of India, 
haN Ihhmi shown by Stolicxka to belong to the VoJvtiiay and to a new genus, FiculopHs (Pal. Indica, Cretac. 
Ka\ina« il, pp. 84-5). 

y<if9(i liiUiita of Sowcrby (Fitton's Report, Trans. Ix>nd. (Jeol. So.^., Od ser., iv, p. 344, pi. xviii, p. 25), from 
the lUaokdown sands, may be a true memltor of the genus to which it is referred, but neither the figure nor descrip- 
tio:i of the s|H^oii^ permita of such a deU^miinrttion. The second species described in the same reiK>rt, X. costeU 
Ufd^ baa iHvn n»C nvd by d'Orblgny, PIctet, and Stoliczkato CtritMum, The first of these is the only Cetaceous 
H]Hvies rtvt^iixed by PIctet and Oampiche {Hiat^riayxp. I, P.tJfonL Sui$$ey iii ser., p. 673; as Wing probably a 
.Vf?M<t« but the auUior*s conclusions i^i this | oint appear to have been based entirely upon Sowerby's original 
determination. Stolicxka (op, cit , p. 14-^) places Bueeinum Steintngfri of Muller (Pttr, Anch, Kreidrf., i>. 78, 
1S51). an unfiguivti R|Hvies fiom tV chalk of Aix-la-Chapelle, in -Vjjmt, but on what authority, or for what 
ixHisons, tills ivfi n^niH* is made, we have found it impossible to discover. The two species of Xomj described by 
the last-named author (V\>m the Oretacooas Arrialoor group of Ind'a, X, V^laptudeMii and X Arn'alooren$i$, 
and dctcnnlmKl fkxmi imperfect specimens, are at best but veiy doubtful, and, indeed, it is stated that the last 
may ixwsibly be a .¥tyngil%a or Dffiramia («>;>. city p. 14^%) ! 

X%$o Xerraot Dx slongchamps (B^^l Soc. 7,fu», Xorm,, ISfOi. v, p. 126; Turbo Xer^a of d'Orbigny, /\i/. 
Frtrnc, Tetr, Jirr.. pi. cccjLXVi, figs, 4 and 5), consideivd by Stolicaka {op, cit, p. S88) to be possibly leferable to 
one of the sul^p^ncra of -Viw, does not appear to have much, if anything, \u common with that genus; nor can 
nuub mow U^ said in fa\x>r of the other species (T^rfto, lYochvg, et.\) referred by Deslongchamps to the same 
gtnius. 

<)/ff.7 fY/w^M of Forties (Trans. lA>nd. Goi^l. Soc„ 3d ser.. vii, p. 134, pi. 12, fig. 23), from the Cretaceous 
nvks of Smithem India, is a D)»*ic%i9 acci^niing to Stoliczka (Pal. Indies, Cn t. Fauna, ii. p. 452, pi. xxviii, fig. 
::7). The OUni f fms^a of Binkhorrt {}ioy40ffr, G^utr, et Oph, Crtjit fttp, de Limbinirg, 1^61, p, 71, pi. Va', fig. 
14) *s nnrec«^iixable as a memWrof thcgt^nus to which it is referred, and, according to the author himself, may 
|K>ssibly be a fragment of a CffpTii j, 

OC the fr«>ncr* P^mdolira ami AnctVyria it wouM appear that only a single Cretaceous specks of each has 
ihr.s far l>ccn recognized : the P. fmh:c$*a1a of Stol'caka {op, cit, p. 145) (from the Arrialoor group of S.»uthem 



OCCURRENCE OF AMMONITIC REMAINS IN TERTIARY DEPOSITS. 113 

But these are not the only more or less strictly Tertiary genera that are here 
represented. In the TrUonium pauclvaricatum (Paleeont. Calif., i, p. 95, figs. 209, 
209 a, very badly figured) we huve a true Cancellaria ! The Megistoatoma (new 
genus*) striata (i, p. 144) is a true BuUcea^ a genus represented by a very limited 
number of fossil forms, and so far not known to have appeared before the Tertiary 
period. Naticina ohliqna (i, p. 109) appears more like a Stgaretus^ the shell (in the 
specimens examined, all of which are partially imbedded in the matrix) being con- 
siderably more impressed than in the genus Naticina. But to whichever of these two 
genera the species may belong, it is immaterial in the present consideration, since no 
unequivocal member of either form, as far as the writer is aware, has been described 
from any formation older than the Tertiary.t In vol. ii of the Report (p. 157) we 
have described a member of the genus Bullia (sub-genus Molopophorus^ doubtfully 
different from the Tertiary and recent genus, or sub-genus, Buccinanops) ; and finally 
{Ibid.^ p. 162), a Terebra (T. Californica\ a genus whose range has not yet positively 
been determined to extend back beyond the limits of the Tertiary period. 

So that of the 77 genera represented in the Tejon group, at the very least 22 are 
more or less distinctively { Tertiary ; and of these 22, 1 1 are not positively known to 
have appeared before that epoch of geological time. On the other hand, if we except 
the six or seven fragments of Ammonitidce (one, or possibly two genera) already 
referred to, there would seem to be in the entire number not a single distinctively 
Cretaceotis geneiic type ! 

Evidence afforded by Specific Forms. 

The circumstance, considering the deposits here referred- to to be Eocene, that 
" not one [species] has been found associated either with living forms, or with species 
known to occur in • the recognized Tertiaries [Miocene and Pliocene] of California '* 

India), described from a solitary imperfect specimen, and tbe^. cr€tec«a of Miiller {Monogr, Pitr, Aach, Kreidef. 
p. 79, pi. 6, fig. 23), from the chalk of Aix-la-Chapelle, and desciibed from a single imperfect impression. The 
least equivocal of the several doubtful Cretaceous forms that have been referred ta the genus Conus is probably 
the C. Martkensis of Matheron ( Cat. cU8 Corps organises fossileSy Bouches-du-Rhone, 1S42, p. 257, pi. 40, figs. 24 
-25), from the chalk of Martigues. There seems to be no leason for specially doubting that the imperfect 
specimen hcie figured is a true cone, but yet it would be by no means surprising if closer examination would prove 
it to be a form more closely related to ActeoneUa or Acteonina, The C, tuherculatusot Diyardhi {Mem, Soc, Gcol, 
de France, lb35, ii, p. 232, pi. xvii, fig. 11), from the chalk of Tours, is not unlikely, according to Stoliczka {op. 
dt., p. 72), to be a member of the Cretaceous genus Oosavia, which it resembles (difiering from all other true 
cones) in its omumentation. Cof:US canalis of Ccnrad (Joum. Acad. Nat. Sciences Phila., 2d f er., iii, p. 321, pi. 
35, fig. 22), from the "Ripley*' group of Mississippi, scarcely admits of positive generic determination. Conns 
gyratus of Morton, (Syn. Org. Remains, Cretac. group, 1834, p. 49, il. x, fig. 13), from the white limestone of 
South Carolina, is an Eocenj species. 

♦The distinctive chaiactersof this supposed new genus, as ponted out by Qabb, are mo:e imagnary 
than real. 

t Natica acutimargo of Rcemer {Ver^t. Kordd, Kieidgeh, 1841, p. 83, pi. xii, figs. 14, a, 6), from the chalk 
marl of Quedlinburg and Diilmen, and said to have fine revolving lines, may possibly prove to be a SigaretuSy 
but the sutural canaliculation would set m to render this point rather suspicious, iiigaretus Pidanceti of Coquand 
{Mem. de la Soc. d^emul. du Boubs, 2me sen, vii, p. 46, pi. 5, figs. 4 and 5, 1856) is a Natica according to Pictet 
and Campiche {Mat. PaUonU Suisse, 3me s^Jr., p. 180, pi. Ixxvi, figs. 1, a, 6, c). 

X But sparsely, if at all, indicated in the earlier deposits. 
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(Gabb, Proc. Calif. Acad. Nat. Sciences, 1867, p. 306), is not very surprising. The 
number of species that pass from the deposits of Eocene age into the Miocene is 
frequently very limited, or there may not be a single one. This last is, singularly 
enough, what obtains in the case of the Tertiaries of the eastern and southern 
United States, where both the Eocene and Miocene formations are extensively 
developed, and where the organic remains are also very abundant.* 

Leaving aside the question of identity as existing between the Eocene and 
Miocene forms, it will be important to ascertain what correspondence, if any, mani- 
fests itself between the specific types of the deposits here discussed, and those of 
other Tertiary (Eocene) localities ; for the determination of this point we subjoin the 
following notes on a few of the species : 

Cardita Hornii and Cardita PLANIC08TA. — Whether the species of Cardita described by 
Conrad from the rock of Cafiada de las Uvas as C. planicosta (Pacific R. R. Reports, v, p. 321), 
and designated by him as the "finger post of the Eocene" (76irf., p. 318), is the veritable C. 
planicosta of Lamarck, or not, it is impossible to state. The aiithor^s intimate acquaintance with 
that species, from both European and American forms, ought certainly to have enabled him, in 
the presence of fairly preserved specimens, to determine this point definitely, but whether the 
specimens in question were actually in a condition to admit of such positive determination, can, 
at the present time, only be conjectured. The description accords well with the species (and in 
a measure, also, the figure), but it is a little too brief to admit of a positive conclusion being 
drawn therefrom. For a similar reason it would be impossible to afiSrm conclusively whether the 
species is, or is not, the C. Hornii of Gabb (Palaeont. Calif., i, p. 174; ii, p. 188), specimens of 
which were found near the same locality. I believe there can be no doubt that the character 
pointed out by Gabb (ii, p. 188), as distinguishing the two species here mentioned — namely, the 
form of the ribs, which are rounded in the one (C. Hornii)^ and flattened in the other {C. plani- 
costa) — has a certain value, but whether sufficient to permit of specific distinctions being based 
upon it in the absence of all other characters, can only be determined when a greater number of 
perfect specimens will have been brought together for comparison. In all other respects the two 
species appear to be identical, as will be seen from the following (Gabb's) statement : " I have 
compared my specimens with shells from the London clay, and from the Alabama Eocene, and 
find that, except in the extreme quadrate form8,f they are absolutely identical in all characters 
save one. The hinges are so similar that I despair of making an intelligible written description 
of their minute differences, and should hardly feel willing to trust an artist with their delineation." 
Granting the specific value of the character claimed by the aforesaid paleontologist, the type ( (7. 
Hornii) still remains distinctively Tertiary ,| since what may be considered as analogous forms, 
are to the knowledge of the writer, completely wanting (although the genus is already represented) 
in the pre-Tertiary deposits. 

DosiNiA ELEVATA (i, p. 167) is morc likely, as stated by Conrad, to be a Dosiniopsis than 
Dosinia (Am. J. Conchol., ii, p. 98), despite the assurances of Mr. Gabb to the contrary {Ibid,, 



* It would be, perhaps, going too far to state, that not a single species is held in common by these Eocene 
and Miocene deposits ; it would be more proper to say, that none sucli has yet been recognized. 

f . . . though some specimens, four and four and a half inches across, are as distinctly triangular as the 
tyiMal planicosta ^^ (ii, p. 188). 

X The character of the ribs, previous to weathering, is very much as in the (7. peetunculari$ or the C. 
Jouanned, 
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p. 91).* As much as can be determined from the figured specimen it appears to be very closely 
allied to the Dosiniopsis Meekii of Conrad (Gytherea lenticulariaf of Rogers), from the lower 
Eocene of Maryland and Virginia, from which it mainly (or barely) differs in the greater width 
of the flattened area on the posterior slope. 

Meretrix Hornii (i, p. 64 ; ii, pi. .30, fig. 78), a form allied to, but not as produced posteriorly 
as the Cyiherea auberycinoides of the Paris basins. 

Ficopsis (Hemifusus) R6mondii (i, p. 87, pi. 18, fig. 36), a form very closely related to, if 
not identical with the Pyrula penita of Conrad (= P, nexilis and P. tricarinata of Lamarck), 
trom the Eocene of Claiborne, Ala. The occasional tricarination observable in that form, as well 
as in its European representative, is here also apparent. The only difierence of any account I 
could detect between the two species is that in the Californian form the surface reticulation is 
somewhat the finer, but since there is no exact constancy in the order of this reticulation, it may 
be doubted whether the difference here noted is of more than varietal value. 

Tritonium paucivaricatum (i, p. 95, pi. 28, figs. 209, 209a, unrecognizably figured), as has 
already been stated, is a Cancellaria, and a form so closely related to the (7. evuhaf of Brander 
(*^Fossilla Ilantoniensia," 1766, p. 14, as Buccinum; pi. 1, fig. 14), from the British Bartonian 
(Upper Eocene), that it may well be doubted whether it is at all specifically distinct ; and the 
same may be said of its relation to a form J from the Lower Eocene deposits of Clarke County, 
Ala., which is doubtfull3^ referable to the C. tortiplica of Conrad. 

Megistostoma striata (i, p. 144, pi. 21, fig. 108a, b). — While, perhaps, from the slightly 
imperfect condition of the specimen, it would be impossible to afHrm positively that this species 
is identical with the Bnllsea expansa of Dixon, from the Eocene of Brackelsham, England, and 
the Paris basin (Deshayes, Animaux sans Vertebres, Bassin de Paris, u, p. 652, pi. 36, figs. 27-30), 
yet, what there is of it shows absolutely no character by which to distinguish it from 
that species. 

Conclu8io7i. 

We believe it has been satisfactorily shown, from what has preceded, that the rocks 
of the Tejon group (Cretaceous Div. B. of the California survey), despite their com- 
prising in their contained faunas a limited number of forms § from the subjacent 



* No i)erfect hinge is exhibited in any of the specimens of the Gabb collection, which includes the 
figured form. 

t Compared with actual s])cc'imens. 

X Kindly transmitted for examination, with other fossils, hy Dr. Eugene A. Smith, State Geologist of 
Alaliama. 

i The reliance that ia to be placed upon Gabb's positive assertions as to the localities or horizons whence 
certain species have been obtained, may be inferred from the statement (Am. Joum. Conchology, 186fi, ii, p. 90), 
that Niitirina ohliqua and Turritella Utasarui, species claimed to bo Eocene by Conrad, were ** found by Mr. 
lU'mund and myself in strata containing Ammonites and Bacvlites, and abounding in other Cretaceous fonns." 
A referenre to the descriptions of these two species, as well as to the various tables of distribution published 
(before and after the making of the statement) by Gabb, clearly shows that the foims in question were not 
known to that paleontologist to pass beyond the limits of Division B. How then could they be associated with 
the Bdculites, when the only Californian siHJcies of that genus, B, Chicotnsis, is distinctly stated (i, j). 81 ) to be 
"<»nly foimd in Div. A'' ? So likewise from the statement (Am. Joum. (\mehology, ii, p. 89), that ? Ammonites 
Cooperiiy "one of the Ammonitiihc, whether an Ammonite ot not, is from the presume<l Eocene of Mr. Conrad, 
from San Diego, and the family is sulU(rient to establish the age of that deiwsit, had we no other proof.'' But 
singularly enough, in the deseription of this ammonitic fragment (i, p. 70), the specimen is said to be *'of 
IJUiticular interest from the fact that it is one of the oldest fassils found in the southern part of the State, being 
conMerahly beh'to the newer Cretaceous fossils of San Diego !" (The italics belong to the writer of this article.) 
And in vol. ii (p. 212), the siMJcies is doubtfully refeired to the Chico group ! 

16 
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(Cretaceous) deposits, and a few undoubted represeotatives of the Ammonitidce, are 
of Tertiary (Eocene) a^e, and for the following reasons: — 

I. The large percentage (about 80, or possibly considerable more) of specific forms 
that are peculiar to the group, or, at least, are not found in the older deposits ; 

II. The large proportion of generic forms (33 out of 77) that are not represented 
in the underlying or older strata ; 

III. The presence of 22 more or less distinctively Tertiary genera : Ancillaria, 
Bulla, BuUcea (Megistoaloma), BulUa (s. g. Molopophorus), Conut^ Crepidula, C'nmi- 
daria, CanceUaria, Cyprcea^ Fictis (Ficopfris), Gadtta, Mitra, Aasso, Ifiso, OUvella (or 
Oliva) Psendoliva, Rimella, Sigaretus (or Naticina), Terebra, Triton, TrocMtat and 
Typhis ; 

IV. The marked absence (with the exception of about a half a dozen fragments 
or specimens of Ammoniadai) of distinctively Cretaceous organic types ; 

V. The identity, or very close analogy, existing between several of the specific 
forms and their representatives from other well-determined Tertiary (Eocene) 
deposits.* 



Note. — Since the printing of the above I have been furnished, through the kind- 
ness of Dr. C. A. White, Paleontologist to the U, S. Geological Survey, with further 
corroborative, and indisputable, evidence bearing upon the Tertiary age of the Tcjon 
rocks. Dr. White, who, in the interests of the Geological Survey, made a personal 
examination of the region during several months of the present year, and wlio has just 
completed his exploration, advises me, under date of October I6th, Washington, D. C, 
that ho " found the Chico and Tejon forming one continuous and imbroken series. I 
throw out of consideration Gabb's so called Martinez Group and intermediate beds. 
The Chico-Tejon series I found in Fresno County to be at least 10,000 feet in vertical 
thickness. The series has every appearance of having been formed by continuous 
and unbroken sedimentation ; and there is a gradual faunal change from real, but late. 
Cretaceous to unquestionable Eocene. I am sure that the Cretaceous and Eocene 
types are commingled in this series, but toward the base the fauna is more clearly 

• The Eocene age of the Tejon rocks is maintoinod by Prof. Jules Marcou (Report of the Chief of Engineers, 
Washington, 1876, p. 3ST), who mode a personal examiiiatiou of thf region. "I was not able to find a slnglo 
Cretaceous fossil, uor even anj true Cretaceous generic forms, in the entire formation ; and I am altogether of 
the opinion expreKsud by Sir. Conrad, many years before Mr. Gabb, in volume 5, of Pacific Railruad Expliirations, 
pages 318, ^30, et neq., who, judging from certain fossils found in an isolated block, at tlio eutrauue of the 
Canada de las Uvas, has very judiciously referred these rocks to the Eocene-Tertiary formation" . . , "The 
&una of Tigoii reminds one very much of the fstuna of the sand:i of Anvers [?], near Pontoiso, and of the sands 
of Gre[i, ?]gnon, near Veisailles." 
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Cretaceous, and toward the top it appears to have lost all Cretaceous character. Some 
of the species, however, appear to range nearly, perhaps quite, through the series.'* 

The full results of Dr. White's exploration will shortly be pubUshed in the 
" Bulletin" of the U. S. Geological Survey. 



CORRECTION. 

The following species, omitted from pages 48 and 49, should be included in the 
Maryland Miocene fauna as a part of the " 98 :" 

Anoniia epliippium, . . . (" Newer " Group). 

Area stilicidium, ... " " 

? Artemis concentrica, ... " " 

Astarte planulata (= A. perplana ?) ** " 

Mactra inerassata, ... '* " 

Ostrea percrassa, ... (" Older " Group). 
Auomia epliippium is still living. 

The slight alterations resulting from this addition do not sensibly affect the question 
involved. 



!'i 



,*^ The broken lines in the " Jacksonian " and "Virginian " on. the map indicate 
hypothetical areas; where continuously lined, the ajeas have been determined by 
field observation. 
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